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Introduction
An email discussion [89-05] on search space for sTTI operation was performed post RAN1#89 meeting, where sPDCCH search space design for sDCI and PDCCH search space design for both sDCI and DCI were discussed. This document provides a summary of the email discussion [89-05] and also offer observations and/or proposals on the possible agreements or way forwards. The document [1] with questions and individual company inputs of email discussion [89-05] are attached in Appendix.  
Summary of the email discussion 
sPDCCH search space design for sDCI (i.e. sDCI1)
Supported aggregation levels for sPDCCH search space
14 companies provided inputs to Q1. Based on the inputs, 
· 7 companies support option 1 (i.e. support aggregation level  ). 
· 8 companies support option 2 (i.e. support aggregation level ) plus 2 more companies could consider this option 2.  
· 4 companies could consider option 3 (i.e. support aggregation level . All these 4 companies support either option 1 or option 2.
· No company support option 4 (i.e. support aggregation level  and option 5 (i.e. None of the above). 
Observation 1: Down selection could be done between option 1 and option 2 depending on whether to support aggregation level 8.  
Reasons on not supporting aggregation level 8: 
· 3 companies think it may result in big control overhead for smaller bandwidth like 5MHz. 
· 1 company feels that the code rate of sDCI would be much lower than the achievable code rate of the legacy DCI format 1A if a sDCI format size about 40 could be achieved. 
· 2 companies feel that sTTI UEs usually have good SINR. 
Reasons on supporting aggregation level 8: 
· 6 companies think that the available REs in an sCCE may be small depending on the RS overhead, in which case AL=8 would be needed to gurantee sPDCCH performance. 
· 1 company thinks that AL=8 can be used in low load case for cell-edge UEs for small packet where performance gain is widely observed in SI phase, and supporting AL=8 could leave the flexibility to eNB to configure suitable aggregation level for different deployment scenarios.
· 1 company feels that sDCI payload size for 1-slot may be larger than that for 2-symbol sTTI, thus AL=8 might be needed for 1-slot sTTI.
Considering that option 2 achieves most supports and seems the concerns on AL=8 could be addressed by configuring the appropriate aggregation level, it is proposed to move forward on this aspect with the following proposal:
Proposal 1: Support aggregation level  for sPDCCH search space. 
Configuration of the number of sPDCCH candidates of an sPDCCH RB set
Q2 to Q22 are related to the configuration of the number of sPDCCH candidates of an sPDCCH RB set. 
· Signaling design
14 companies provided inputs to Q2. Based on the inputs, 
· 13 companies support option 1 (i.e. configure sPDCCH candidates for aggregation level and ). 
· 9 companies support option 2 (i.e. configure sPDCCH candidate reduction value for aggregation level and  ), where 8 out of  these 9 companies also support option 1.
Observation 2: Option 1 achieves the support from 13 companies out of 14. There seems to be a majority view to support configuring the number of sPDCCH candidates per aggregation level directly.
The main reason not supporting option 1 is that it may result in larger signaling overhead. Considering that the value of  would be small as discussed under Q5(e.g. 2 or 4 or 6 or 8), the difference on the signaling overhead between option 1 and option 2 would be not that much. In addition, RRC signaling overhead may be not that serious. Therefore, for progress it is proposed to move forward on this aspect with the following proposal:  
Proposal 2: An sPDCCH RB set p can be configured with sPDCCH candidate(s) for sPDCCH search space at aggregation level , where  and . FFS the value of 
In the email discussion [89-05], Q3 to Q8 were designed mainly for option 1 in Q2 and Q9 to Q15 were designed mainly for option 2 in Q2. However, some questions addressed similar issues (e.g. Q3 and Q9, Q4 and Q10, Q5 and Q12, Q6 and Q13, Q7 and Q14, Q8 and Q15), and thus will be summarized together below.   
· Whether to support configuring an sPDCCH RB set with 0 sPDCCH candidates for all aggregation levels    
13 companies provided inputs to Q3  (for option 1 in Q2). Based on the inputs, 
· 5 companies support the configuration of 0 for  for all the supported aggregation levels for an sPDCCH RB set p, plus 1 more company could consider it if two RB sets are configured. 2 companies out of these 5 pointed out that they support it mainly for additional sPDCCH RB set(s), not the two sPDCCH RB set(s) containing USS. 1 out of these 5 may only mean they support the configuration of 0 for each aggregation level but might be not for all simultaneously. 
· 7 companies doesn’t support the configuration of  0 for  for all the supported aggregation levels for an sPDCCH RB set p.  
6 companies provided inputs to Q9  (for option 2 in Q2). Based on the inputs, 
· 3 companies support the configuration of 0 for for all the supported aggregation levels for an sPDCCH RB set p, plus 1 more company could consider it if two RB sets are configured. 1 out of these 3 may only mean they support the configuration of 0 for each aggregation level but might be not for all simultaneously. One more company could consider it if two RB sets are configured. 
· 2 companies doesn’t support the configuration of 0 for for all the supported aggregation levels for an sPDCCH RB set P. 
Both Q3 and Q9 tried to discuss whether to support configuring an sPDCCH RB set to a UE but the UE doesn’t need to monitor sPDCCH in this sPDCCH RB set. The main motivation provided by proponent(s) is that it could provide more scheduling flexibility for sPDSCH since there is no limitation on the potential scheduling bandwidth because of multiplexing different TTI lengths, and can save UE power consumption. Most companies feel that the motivation is not clear.    
Observation 3: Whether to support configuring an sPDCCH RB set with 0 sPDCCH candidates for all aggregation levels needs further study.
· The number of aggregation levels to be monitored within an sPDCCH RB set in an sTTI
13 companies provided inputs to Q4  (for option 1 in Q2). Based on the inputs, 
· 6 companies support option 1 (i.e. support at most 2 aggregation levels with the value of not equal to 0). 
· 9 companies support option 2 (i.e. support any subset of the supported aggregation levels  with the value of not equal to 0).
6 companies provided inputs to Q10 (for option 2 in Q2). Based on the inputs, 
· 3 companies support option 1 (i.e. support at most 2 aggregation levels with the value ofnot equal to 0). 
· 3 companies support option 2 (i.e. support any subset of the supported aggregation levels  with the value of not equal to 0).
Observation 4: There seems to be majority view to support no limitation on the number of aggregation levels to be monitored within an sPDCCH RB set in an sTTI.
5 companies think that limiting the maximum number of aggregation levels to be monitored to 2 could help to reduce the total number of blind decodes. 7 companies think that we could leave the flexibity to eNB as long as the total number of sPDCCH candidates doesn’t exceed the maximum number of sPDCCH candidates in an sTTI as discussed in Q6 and Q13. Leaving the flexibility to eNB seems reasonable as long as the condition is clear for both eNB and UE. Therefore, it is proposed to move forward on this aspect with the following proposal:  
Proposal 3: The configured aggregation levels to be monitored within an sPDCCH RB set in an sTTI can be any subset of the supported aggregation levels  for sPDCCH search space. 
· Is M or  the maximum allowable number of sPDCCH candidates to be monitored in an sTTI? 
10 companies provided inputs to Q5  (for option 1 in Q2). Based on the inputs, 
· 8 companies answered yes (i.e. M is the maximum allowable number of sPDCCH candidates to be monitored in an sTTI). 
· 1 company feels M is variable according to aggregation level L.  
· 1 company seems feel that M should be the maximum number of sPDCCH candidate for a given aggregation level and it is aggregation level specific.    
Most companies feel that setting M to be the maximum allowable number of sPDCCH candidates to be monitored in an sTTI could simplify the signaling design as long as the total number of sPDCCH candidates doesn’t exceed the maximum number of sPDCCH candidates in an sTTI as discussed in Q6 and Q13. 1 company feels it may increase the signaling overhead.  
Observation 5: There seems majority view to support that M is the maximum allowable number of sPDCCH candidates to be monitored in an sTTI for option 1 in Q2. 
Setting M as the maximum allowable number of sPDCCH candidates to be monitored in an sTTI may also save some standard effort, since there seems no need to discuss and define the maximum number of sPDCCH candidate for each aggregation level. Considering that most companies prefer this for simplicity and flexibility, it is proposed to move forward on this aspect with the following proposal for option 1 in Q2:
Proposal 4: M is the maximum allowable number of sPDCCH candidates to be monitored in an sTTI.
5 companies provided inputs to Q12  (for option 2 in Q2). Based on the inputs, 
· 2 companies answered yes (i.e.  is the maximum allowable number of sPDCCH candidates to be monitored in an sTTI). 
· 1 company seems feel that  should be the maximum number of sPDCCH candidate for a given aggregation level and it is aggregation level specific.    
· 1 company feels it should be up to network decision.  
· 1 company seems feel depending on the configured value of , the total number of sPDCCH candidate may exceed    
2 companies feel that setting  to be the maximum allowable number of sPDCCH candidates to be monitored in an sTTI could simplify the signaling design. 1 company feels it may increase the signaling overhead. 
Observation 6: Whether to support  as the maximum allowable number of sPDCCH candidates to be monitored in an sTTI needs further study if option 2 in Q2 is agreed. 
· Any limitation on the total number of configured sPDCCH candidates? 
11 companies provided inputs to Q6  (for option 1 in Q2). Based on the inputs, 
· 8 companies answered yes (i.e. the total number of configured sPDCCH candidates from different aggregation levels and/or different sPDCCH RB sets to be monitored smaller or equal to M). Note that 2 more companies replied that it is up to eNB to distribute the maximum number of candidates M over the ALs and it is up to eNB to use all of them or if a smaller number to be configured, which seems to be aligned with the answer yes. Answer yes also means that leaving the flexibility to eNB with the codition that the total number of configured sPDCCH candidates should not exceed the maximum allowable number of sPDCCH candidates to be monitored in an sTTI.  
· 1 company answed no becaue their answer to Q5 is no (i.e. M is not the maximum allowable number of sPDCCH candidates to be monitored in an sTTI).
· 2 companies feel it is up to eNB to distribute the maximum number of candidates M over the ALs and it is up to eNB to use all of them or if a smaller number to be configured. This seems aligned with the answer yes. Answer yes also means that leaving the flexibility to eNB with the codition that the total number of configured sPDCCH candidates should not exceed the maximum allowable number of sPDCCH candidates to be monitored in an sTTI.  
4 companies provided inputs to Q13  (for option 2 in Q2). Based on the inputs, 
· 2 companies answered yes (i.e. the total number of configured sPDCCH candidates from different aggregation levels and/or different sPDCCH RB sets to be monitored smaller or equal to ). 
· 1 company answed no becaue their answer to Q12 is no (i.e. is not the maximum allowable number of sPDCCH candidates to be monitored in an sTTI).
· 1 company answered no because they seems feel depending on the configured value of , the total number of sPDCCH candidate may exceed 
Observation 7: There seems to be majority view that the total number of configured sPDCCH candidates should not exceed the maximum allowable number of sPDCCH candidates to be monitored in an sTTI. 
As discussed in Q4, we could leave the flexibility to eNB and it seems reasonable as long as the condition is clear for both eNB and UE. That is the condition should be specified. Therefore,  it is proposed to move forward on this aspect with the following proposal:  
Proposal 5: UE doesn’t expect that the total number of configured sPDCCH candidates from different aggregation levels and/or different sPDCCH RB sets to be monitored would exceed the maximum allowable number of sPDCCH candidates to be monitored in an sTTI. 

· The maximum allowable number of sPDCCH candidates to be monitored in an 2/3-symbol sTTI
12 companies provided inputs to Q7  (for option 1 in Q2). Based on the inputs, 
· 5 companies support option 1 (i.e. M is equal to 6)
· 4 companies support option 2 (i.e. M is equal to 4)
· 1 company support 2 or 4 for M because their answer to Q5 is no (i.e. M is not the maximum allowable number of sPDCCH candidates to be monitored in an sTTI). They seems prefer 4 for low aggregation levels and 2 for high aggregation levels.
· 2 companies support 7 for M at least for the second slot 
3 companies provided inputs to Q14  (for option 2 in Q2). Based on the inputs, 
· 1 company supports 12 if  is aggregation level specific
· 1 company supports 8 or 6 depending on the supported aggregation level, 8 for   and 6 for 
· 1 company supports 3 or 6, 6 if same sDCI payload size for DL assignment and UL grant, otherwise 3 
It seems different companies have different views on the maximum number of blind decodes in an sTTI which is also related to Q21 and Q22. People also have different views on whether to align the payload size of DL assignement and UL grant as discussed in Q24. If alignment between the payload size of DL assignment and UL grant is supported, downselection can be done between 4 and 6.     
Observation 8: The maximum allowable number of sPDCCH candidates to be monitored in a 2/3-symbol sTTI needs further study. Down selection is done between 4 and 6 if aligning the payload size of sDCI1 scheduling sPDSCH and sPUSCH is supported. 
· Is M or  for 1-slot sTTI same as that for 2/3-symbol sTTI?
13 companies provided inputs to Q8 (for option 1 in Q2). Based on the inputs, 
· 13 companies support option 2 (i.e. M for 1-slot sTTI is different from that for 2/3-symbol sTTI)
· 1 company supports 24 BDs in a 1-slot sTTI 
· 1 company supports maximum 18 sPDCCH candidates in a 1-slot sTTI 
· 3 companies supports that the total number of BDs in a subframe is the same for 1-slot sTTI and 2/3-symbol sTTI  
· No company supports option 1 (i.e. M for 1-slot sTTI is the same from that for 2/3-symbol sTTI)  
6 companies provided inputs to Q15 (for option 2 in Q2). Based on the inputs, 
· 6 companies support option 2 (i.e.  for 1-slot sTTI is different from that for 2/3-symbol sTTI)
· No company supports option 1 (i.e.  for 1-slot sTTI is the same from that for 2/3-symbol sTTI)  
Q8 and Q15 tried to collect views on the maximum allowable number of sPDCCH candidates to be monitored in a 1-slot sTTI. Most companies support different maximum allowable number of sPDCCH candidates for 2/3-symbol sTTI and 1-slot sTTI, to reduce the blocking probability due to more UEs in a 1-slot sTTI and less number of sTTIs to be monitored in a subframe.  
Proposal 6: The maximum allowable number of sPDCCH candidates to be monitored in an sTTI for 1-slot sTTI is different from that for 2/3-symbol sTTI. The detailed value needs further study. 
· Is  aggregation level specific?
6 companies provided inputs to Q11 (for option 2 in Q2). Based on the inputs, 
· 6 companies support same  for all aggregation levels 
· 2 companies support 6 for  
· 3 companies support 4 for  
· 2 companies support 2 for   
· 1 company support 9 for    
· 2 companies support that  is aggregation level specific. These two companies also support same  for all aggregation levels 
It seems different companies have different views on the maximum number of blind decodes in an sTTI which is also related to Q21 and Q22. People also have different views on whether to align the payload size of DL assignement and UL grant as discussed in Q24.   
Observation 9: There seems to be majority view to support same  for all aggregation levels for option 2 in Q2. Detailed value for  needs further study if option 2 in Q2 is supported. 
In the email discussion [89-05], Q16 to Q20 were designed mainly for option 3 in Q2. Since there is no company supporting option 3 in Q2, there is no inputs to Q16 to Q20 also.  
· Same or different number of sPDCCH candidates for different sTTI index?
14 companies provided inputs to Q21. Based on the inputs, 
· 5 companies support option 1 (i.e. same number of sPDCCH candidates to be monitored in different sTTIs) 
· 9 companies support option 2 (i.e. different number of sPDCCH candidates to be monitored in different sets of sTTIs)
· 1 company feels it may be dependent on subframe type. In non-MBSFN subframe, different number of sPDCCH candidates for different sTTIs. In MBSFN subframe, same number of sPDCCH candidates for different sTTIs. 
Reasons to support different number of sPDCCH candidates for different sTTIs: 
· 1 company feels that sTTI 3 may correspond to more number of sPDCCH candidates due to share sPDCCH set(s) between 2/3-symbol sTTI and 1-slot sTTI
· 4 companies think it may be needed because of different RS overhead in different sTTIs depending on the design of sCCE size
· 3 companies think it may depend on how to handle CRS-based sPDCCH and DMRS-based sPDCCH in MBSFN subframe and non-MBSFN subframe
Reasons to support same number of sPDCCH candidates for different sTTIs: 
· 1 company feels sufficient flexibility is already achieved by configuring sPDCCH candidates
· 1 company feels that there is no motivation to support different number of sPDCCH candidates. 
· 1 company feels it is beneficial for implementation. 
· 1 company support it for simplicity.
Q22 further collects the views on how to define the sets of sTTIs with different number of sPDCCH candidates for different number of sPDCCH candidates for different sTTI index. 10 companies provided inputs to Q22. Based on the inputs, 
· 2 companies support sTTIs in the first slot belongs to set 1 and sTTIs in the second slot belongs to set 2
· 2 companies support sTTI 3 belongs to set 1 and remaining sTTIs belong to set 2
· 3 companies feels no need to define set(s) in specification and leave it to eNB for flexibility 
· 1 company supports one set of sTTI(s) without CRS, one set of sTTIs with 2 port CRS and one set of sTTIs with 4 port CRS
· 1 company support set 1 including sTTI 1, 3 and 5, set 2 including sTTI 2 and 4
· 1 company support different AL set depending on different RS overhead
Observation 10: There seems to be majority view to support different number of sPDCCH candidates to be monitored for different sTTI index. Whether to define sTTI sets with different number of sPDCCH candidates needs further study.
For progress, it is proposed to move forward on this aspect with the following proposal:  
Proposal 7: Support different number of sPDCCH candidates to be monitored for different sTTI index. FFS different sTTI sets depending on sTTI index, RS overhead, or eNB scheduling.
sPDCCH search space structure 
· Same or separate sPDCCH search space for DL assignment and UL grant?
14 companies provided inputs to Q23. Based on the inputs, 
· 13 companies support option 1 (i.e. same sPDCCH search space for DL assignment and UL grant) 
· 3 companies support option 2 (i.e. separate sPDCCH search space for DL assignment and UL grant), plus one more company could consider option 2 if hard to align sDCI format size. 2 out of these 3 companies also support option 1.
Reasons to support separate sPDCCH search space for DL assignment and UL grant: 
· 3 companies think it could reduce the processing delay
· 1 company think it could simplify the indication of unsed sPDCCH resource by only indicating the last sCCE index used by UL grant(s)
Reasons to support same sPDCCH search space for DL assignment and UL grant: 
· 10 companies think it could reduce blind decodes by alignling sDCI payload size for DL assignment and UL grant
· 2 companies think it could provide flexibity of sDCI mapping
Observation 11:There seems to be majority view to support same sPDCCH search space for DL assignment and UL grant.
Considering that almost all companies support same sPDCCH search space for DL assignment and UL grant, and the decision here would have impact on many aspects like how to determine the sCCEs corresponding to an sPDCCH candidate and indication of unused sPDCCH resource, for progress it is proposed to move forward on this aspect with the following proposal:
Proposal 8: Support same sPDCCH search space for sDCI1 scheduling sPDSCH and sDCI1 scheduling sPUSCH. 
· Whether to align the sDCI payload size of DL assignment and UL grant?
13 companies provided inputs to Q24. Based on the inputs, 
· 6 companies support option 1 (i.e. align the payload size of DL assignment and UL grant)
· 4 companies could support option 1 if padding bits is not large
· 2 companies support option 1 for lower aggregation level
· 4 companies support option 2(i.e. padding is not performed for diffrent sDCI payload size for DL assignment and UL grant)
· 2 companies support option 2 for higher aggregation level 
· 1 company is open depending on the number of transmission schemes per TM and the potential padding bits 
 Considering that whether to support aligning the payload size of DL assignment and UL grant does depend on the detailed sDCI formats design, we could further discuss it when the sDCI format design is more clear. 
Observation 12: Whether to support aligning the payload size of sDCI1 scheduling sPDSCH and sPUSCH needs further study. 
· Is overlap allowed for sPDCCH UE-specific search space for different UEs?
14 companies provided inputs to Q25. Based on the inputs, 
· All 14 companies support allowing overlap among sPDCCH UE-specific search space for different UEs. Whether to overlap is up to eNB. 
Q25 was designed since whether to allow overlap would have impact on determination of sCCEs corresponding to sPDCCH candidates and indication of use/unused sPDCCH resource. It seems all companies support overlap, thus it is proposed to move forward with the following possible agreement:
 Proposal 9: Overlap is allowed among sPDCCH UE-specific search space for different UEs.  
· Candidate starting sCCE positions of an sPDCCH candidate from RB set perspective 
14 companies provided inputs to Q26. Based on the inputs, 
· 



10 companies support option 1(Tree like structure): an sPDCCH candidate consisting of  consecutive sCCEs may only start on an sCCE fulfilling, where  is the sCCE number and  is the number of sCCEs corresponding to aggregation level . 
· 2 companies support option 2: Consecutive mapping of sPDCCH candidates to sCCEs with increasing aggregation level
· 1 company supports RRC configuration of the starting sCCE of sPDCCH candidate for each AL
· 1 company supports CSS scheme with an offset for part of the ALs. 
7 companies support tree-like structure for just reusing the structure for PDCCH and EPDCCH for simplicity. 1 company feels tree-like structure could provide chance to resue channel estimation result for different BDs for DMRS based sPDCCH. 2 companies mentioned impacts on multiplexing of sPDSCH and sPDCCH. 
Observation 13: There seems to be majority view to support tree-like structure for candidate starting sCCE positions of an sPDCCH candidate from RB set perspective.  
· The starting sCCE index of an sPDCCH search space at aggregation level L from UE perspective
12 companies provided inputs to Q27. Based on the inputs, 
· 4 companies support option 1: determined by hashing function. 2 out of these 4 also support option 2.
· 8 companies support option 2: configured by higher layer signaling. 
· 4 companies support option 3: predefined by specification (e.g. sCCE 0). 2 out of these 4 also support option 2.
· 1 company supports option 4: indicated by sDCI2 
3 companies support option 1 for randomization. 2 companies feels seems there is no need to achieve randomization becaue the number of sTTI UEs in an sTTI is not that much. 
Observation 14: There seems to be majority view to support that the starting sCCE index of an sPDCCH search space at aggregation level L is configured by higher layer signaling. 
It is obersevd that companies who don’t support option 1 in Q26 all support option 2 in Q27. For progress, it is proposed to move forward (possible compromise solution)  on this aspect with the following proposals:




Proposal 10: Within an sPDCCH RB set, an sPDCCH candidate consisting of  consecutive sCCEs may only start on an sCCE fulfilling, where  is the sCCE number and  is the number of sCCEs corresponding to aggregation level .
Proposal 11: The starting sCCE index of an sPDCCH search space at aggregation level L is configured by higher layer signaling.
· Structure of sPDCCH search spaces at different aggregation levels from UE perspective
9 companies provided inputs to Q28. Based on the inputs, 
· 5 companies support option 1: Hierachical structure (e.g. sCCEs corresponding to sPDCCH candidates of a higher AL contains the sCCEs corresponding to sPDCCH candidates of a lower AL). 2 out of these 5 also support option 3. 1 more company could consider option 1 for DMRS-based sPDCCH. 
· 7 companies support option 3: No fixed relationship among the sCCEs corresponding to sPDCCH candidate at different aggregation levels
· No company supports either option 2 or option 4.
Reasons to support option 1: 
· 4 companies think option 1 could provide the possibility to reuse channel estimation among sPDCCH candidates.
· 1 company feels option 1 could provide efficient multiplexing of control grants for different UEs and may indicate the unused control resource with less indication bits
Reasons to support option 3: 
· 1 company supports it to enable efficient usage of unused sPDCCH resource for sPDSCH
· 1 company supports it for lower sPDCCH blocking probability
[bookmark: _GoBack]Observation 15: There seems to be majority view to support that there is no fixed relationship among the sCCEs corresponding to sPDCCH candidate at different aggregation levels. 
For progress, it is proposed to move forward on this aspect with the following proposal:
Proposal 12: There is no fixed relationship among the sCCEs corresponding to sPDCCH candidate at different aggregation levels. 
· How to determine the sCCEs corresponding to sPDCCH candidate  of the sPDCCH search space at aggregation level  
9 companies provided inputs to Q29. Based on the inputs, 
· 2 companies provide the following three options for discussion:
· Option 1 (similar as PDCCH): The sCCEs corresponding to sPDCCH candidate  of the sPDCCH search space at aggregation level  are given by

· Option 2 (similar as EPDCCH): The sCCEs corresponding to sPDCCH candidate  of the sPDCCH search space at aggregation level  are given by


· Option 3: The sCCEs corresponding to sPDCCH candidate  of the sPDCCH search space at aggregation level  are given by

where  is the sCCE index of the first sPDCCH candidate for a search space at aggregation level , and  is equal to 0 or configured by RRC signaling.
· 1 company supports EPDCCH-like mechanism with RRC configuration of the offset of sCCE index
· 2 companies support the sPDCCH candidates at a given aggregation level are mapped consecutively with increasing index m. This part seems to be PDCCH-like mechanism. 
· 1 company supports RRC configuration of the starting sCCE index with consevutive sCCEs for a sPDCCH candidate.
· 1 company supports: The sCCEs corresponding to sPDCCH candidate m  in the search space are given by 







where , ,  is the total number of sCCEs in the RB set(s).  is the value of starting sCCE offset which can be informed by sDCI2 or RRC, e.g. .
· 1 company supports same sCCE starting index for users with hierarchical spearch space structure
There seems to be various view on the formula to determine sCCEs corresponding to sPDCCH candidate  of the sPDCCH search space at aggregation level. However, there are seems 6 companies support sPDCCH candidates at a given aggregation level are mapped consecutively with increasing index m (PDCCH-like mechanism). Therefore, it is proposed to move forward on this aspect with the following proposal:  
Proposal 13: sPDCCH candidates belongs to an sPDCCH search space at aggregation level L are mapped consevutively with increasing index m,m=0,1,…, , whereis the number of sPDCCH candidates to monitor at aggregation level L in sPDCCH RB set p.
· Other considerations on sPDCCH search space
2 companies provided inputs to Q30. Based on the inputs, 
· 1 company proposes that sPDCCH search space design should make a balance between sPDCCH blocking probability and efficient multiplexing of sPDCCH and sPDSCH
· 1 company proposes to strive for reducing the control overhead by mechanisms like small sDCI payload size and optimized indication of unused sPDCCH resource 
 
PDCCH search space design for sDCI and DCI
This section mainly focuses on search space design for sDCI1 and DCI in legacy PDCCH region. If sDCI2 is supported for sTTI, FFS whether additional design is needed for search space for sDCI2 in legacy PDCCH region.      
· PDCCH search space for monitoring sDCI1  
10 companies provided inputs to Q1. Based on the inputs, 
· 9 companies support option 1: The PDCCH search space for monitoring sDCI1 is a subset of the PDCCH search space for monitoring DCI (i.e. DCI for 1ms TTI) in PDCCH USS
· 1 out of these 9 companies supports it with the condition that alignment between the payload size of sDCI1 and DCI is supported
· 2 companies support option 2: PDCCH candidates in PDCCH USS is split into two parts with one part for monitoring sDCI1 and the other part for monitoring DCI (i.e. DCI for  1ms TTI)
· 1 out of these 2 companies supports it if alignment between the payload size of sDCI1 and DCI is not supported
From the inputs, there seems to be common motivation to reduce proceesing delay for sTTI by limiting the number of PDCCH candidates for sDCI1 and there seems to be a majority view to achieve it by option 1. 1 company supports option 2 with the reason that the total number of BDs is smaller than option 1 by reducing the number of PDCCH candidates for 1ms DCI. 
Observation 16: There seems a majority view to support that the PDCCH search space for monitoring sDCI1 is a subset of the PDCCH search space for monitoring DCI.
From the discussion in Q2 to Q4, it seems most likely that the number of PDCCH candidates for sDCI1 and DCI would be configured by higher layer. Therefore, it seems feasible to keep the total number of BDs smaller than the maximum number of BDs that a UE could support in a subframe by option 1. There seems no need to always keep the number of BDs smaller than that achieved by option 1.
As to the alignment of the payload size of sDCI1 and DCI in the legacy PDCCH region, it may be not needed. As mentioned by 2 companies, in order to avoid the impact on the performance of 1ms DCI, separate detection of sDCI1 and DCI in legacy PDCCH region is needed. For example, UE can monitor sDCI using the CRS transmitted in the first one or first two symbols for lower latency, while UE can monitor 1ms DCI using the CRS transmitted in the fifth symbol besides the first one and two symbols for better performance. If separate detection of sDCI1 and DCI is allowed, then there is no need to align the payload size of sDCI1 and DCI since anyway it cannot reduce the number of BDs.  
Based on the above summary and discussion, it is proposed to move forward on this aspect with the following proposal:
Proposal 14: The PDCCH search space for monitoring sDCI1 is a subset of the PDCCH search space for monitoring DCI in legacy PDCCH region.
· Whether PDCCH candidates reduction mandatory for monitoring 1ms DCI if sTTI is configured?
10 companies provided inputs to Q2. Based on the inputs, 
· 3 companies answered yes (i.e. mandatory)
· 7 companies answered no (i.e. not mandatory)
2 companies answered yes is to keep the maximum total number of BDs is almost the same or slightly larger than legacy UEs at least in the first slot. 2 companies answered no because flexibility could be left to eNB and eNB could distribute the BDs among PDCCH candidates and sPDCCH candidates.
There seems to be a majority view that PDCCH candidates reduction is not mandatory for a UE configured with sTTI operation. According to the inputs, it seems whether to be mandatory or not depending on whether to introduce new UE capability and the UE capability on the maximum number of BDs a UE could support in a subframe, which is also related to the discussion under Q7, Q11, Q21 and Q22 in section 2.1. However, considering not mandatory is a majority view, and it seems reasonable to leave the flexibilty as long as the total number of BDs doesn’t exceed the UE capability on the maximum number of BDs in a subframe, it is proposed to move forward on this aspect with the following possible agreements:
 Proposal 15: UE doesn’t expect that the total number of blind decodes would exceed the maximum allowable number of blind decodes that a UE configured with sTTI operation could support in a subframe. 
· PDCCH candidates reduction for montoring 1ms DCI is up to eNB configuration.
1 company feels that some clarification may be needed regarding to whether the number of BDs for sDCI1 in legacy region is the same as the number of BDs for sDCI1 in sPDCCH region. It seems reasonable to discuss this point. However, as discussed in Q21 and Q22 in section 2.1, whether to support different number of sPDCCH candidates for different sTTIs needs further study. It seems we can further discuss this after we achieve progress on that. 
· Is “pdcch-candidateReductions” applied to both sDCI1 and DCI in legacy PDCCH region?
8 companies provided inputs to Q3. Based on the inputs, 
· 4 companies support “pdcch-candidateReductions” applied to both sDCI1 and DCI 
· 1 out of these 4 prefers one more additional parameter for sDCI1. This seems to be equal to separate configuration 
· 3 companies support separate configuration of PDCCH candidate reduction parameter for sDCI1 and DCI
· 1 comapany replied that PDCCH candidates for 1ms DCI can be reduced to accommodate the additional BDs needed for sDCI1, and PDCCH candidates for sDCI need to be reduced to achieve same number of BDs for all sTTIs. This seems need separate configuration of PDCCH candidate reduction parameter for sDCI1 and DCI 
Based on the inputs, it seems common understanding that the number of PDCCH candidates for sDCI1 and DCI would be configured by higher layer. It seems more companies prefer separate configuration for flexibility. For progress and considering it seems reasonable to leave the flexibility since configuration for sDCI1 needed anyway, it is proposed to move forward on this aspect with the following proposal:  
Proposal 16: Separate configuration of PDCCH candidate reduction parameter for sDCI1 and DCI in legacy PDCCH region . 
· Details on how to determine PDCCH candidates for sDCI1 
Q4 was designed mainly for option 1 (i.e. part of PDCCH search space for DCI) in Q1. 7 companies provided inputs to Q4. Based on the inputs,
· 5 companies support the first PDCCH candidate(s) out of the PDCCH candidates for monitoring DCI is used for monitoring sDCI1, where  is determined by higher layer signaling 
· 1 company replied determing the PDCCH candidate(s) for sDCI1 using a parameter similar to pdcch-candidateReductions among the available PDCCH candidates.  
· 1 comapany replied that part of the legacy PDCCH USS (with reduced aggregation levels and/or candidates) can be indicated by RRC or sDCI 2.
Q5 was designed mainly for option 2 (i.e. PDCCH USS split  between DCI and sDCI1) in Q1. 1company provided input to Q5 with the following: 
· the number of aggregation levels and the candidates per aggregation level is indicated by higher layer signaling
Based on the inputs to Q4 to Q5, it seems that common understanding that the number of aggregation level(s) and the PDCCH candidates per aggregation level for monitoring sDCI1 in legacy PDCCH region is indicated by higher layer signaling. Therefore, it is proposed to move forward on this aspect with the following proposal:
Proposal 17: The number of PDCCH candidate(s)  at aggregation level L for monitoring sDCI1 in legacy PDCCH region is determined by higher layer signaling.        
There seems to be majority view to support the first PDCCH candidate(s) out of PDCCH candidates for monitoring DCI is used for monitoring sDCI1 if option 1 in Q1 is supported, and considering that there seems a majority view to support option 1 in Q1, it is proposed to move forward on this aspect with the following proposal:
Proposal 18: The first PDCCH candidate(s) out of the PDCCH candidates for monitoring DCI is used for monitoring sDCI1 in legacy PDCCH region. 
· Other considerations on PDCCH search space for sDCI and DCI   
Based on the responses to Q6, 1 company replied with following main points:
· RRC configuration of sPDSCH transmitted in sTTI1 scheduled by sDCI1 transmitted in sTTI0 or sTTI1
Seems we already had the agreement in RAN1#88 meeting that the sDCI scheduling sPDSCH transmission in sTTI N is transmitted in sTTI N.
Summary of proposals    
The document provides a summary of email discussion [89-05] on search space for sTTI operation. Based on the summary in section 2, the proposals on the possible agreements or way forward are summarized as below:
For sPDCCH spearch space design for sDCI,
Proposal 1: Support aggregation level  for sPDCCH search space. 
Proposal 2: An sPDCCH RB set p can be configured with sPDCCH candidate(s) for sPDCCH search space at aggregation level , where  and . FFS the value of 
Proposal 3: The configured aggregation levels to be monitored within an sPDCCH RB set in an sTTI can be any subset of the supported aggregation levels  for sPDCCH search space. 
Proposal 4: M is the maximum allowable number of sPDCCH candidates to be monitored in an sTTI.
Proposal 5: UE doesn’t expect that the total number of configured sPDCCH candidates from different aggregation levels and/or different sPDCCH RB sets to be monitored would exceed the maximum allowable number of sPDCCH candidates to be monitored in an sTTI. 
Proposal 6: The maximum allowable number of sPDCCH candidates to be monitored in an sTTI for 1-slot sTTI is different from that for 2/3-symbol sTTI. The detailed value needs further study. 
Proposal 7: Support different number of sPDCCH candidates to be monitored for different sTTI index. FFS different sTTI sets depending on sTTI index, RS overhead, or eNB scheduling.
Proposal 8: Support same sPDCCH search space for sDCI1 scheduling sPDSCH and sDCI1 scheduling sPUSCH. 
Proposal 9: Overlap is allowed among sPDCCH UE-specific search space for different UEs.  




Proposal 10: Within an sPDCCH RB set, an sPDCCH candidate consisting of  consecutive sCCEs may only start on an sCCE fulfilling, where  is the sCCE number and  is the number of sCCEs corresponding to aggregation level .
Proposal 11: The starting sCCE index of an sPDCCH search space at aggregation level L is configured by higher layer signaling.
Proposal 12: There is no fixed relationship among the sCCEs corresponding to sPDCCH candidate at different aggregation levels. 
Proposal 13: sPDCCH candidates belongs to an sPDCCH search space at aggregation level L are mapped consevutively with increasing index m,m=0,1,…, , whereis the number of sPDCCH candidates to monitor at aggregation level L in sPDCCH RB set p.
For PDCCH spearch space design for sDCI and DCI,
Proposal 14: The PDCCH search space for monitoring sDCI1 is a subset of the PDCCH search space for monitoring DCI in legacy PDCCH region.
Proposal 15: UE doesn’t expect that the total number of blind decodes would exceed the maximum allowable number of blind decodes that a UE configured with sTTI operation could support in a subframe. 
· PDCCH candidates reduction for montoring 1ms DCI is up to eNB configuration.
Proposal 16: Separate configuration of PDCCH candidate reduction parameter for sDCI1 and DCI in legacy PDCCH region . 
Proposal 17: The number of PDCCH candidate(s)  at aggregation level L for monitoring sDCI1 in legacy PDCCH region is determined by higher layer signaling.    
Proposal 18: The first PDCCH candidate(s) out of the PDCCH candidates for monitoring DCI is used for monitoring sDCI1 in legacy PDCCH region. 

In addition, based on the summary in section 2, it seems that some aspects still need further study, therefore the following observations can be agreed as conclusion:
Observation 3: Whether to support configuring an sPDCCH RB set with 0 sPDCCH candidates for all aggregation levels needs further study.
Observation 8: The maximum allowable number of sPDCCH candidates to be monitored in a 2/3-symbol sTTI needs further study. Down selection is done between 4 and 6 if aligning the payload size of sDCI1 scheduling sPDSCH and sPUSCH is supported. 
Observation 12: Whether to support aligning the payload size of sDCI1 scheduling sPDSCH and sPUSCH needs further study. 
References
[1] 3GPP, “Email discussion [89-05] on search space for sTTI operation”, Nanjing, China, May 23-27, 2016.
Appendix– Questions and individual company responses
The details of the questions and individual company inputs of email discussion [89-05] can be found in the attached file as below:
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Introduction

The purpose of this email discussion is to share views on search space design for sTTI operation. If a UE is configured with sTTI operation, the UE would need to monitor sDCI in sPDCCH region, and monitor both DCI and sDCI in legacy PDCCH region. This document provides a list of questions to progress the understanding of the proposals for search space design in both sPDCCH region and legacy PDCCH region. Companies are encouraged to provide inputs by 16th June.



For reference, RAN1 agreements related to search space for sTTI are copied below [1][2][3][4].

		Related agreements at the RAN1#85 meeting:



		Agreements:

· sPDCCH (PDCCH for short TTI) needs to be introduced for short TTI.

· Each short TTI on DL may contain sPDCCH decoding candidates.







		Related agreements at the RAN1#86 meeting:



		Agreements:

· Legacy PDCCH can be used to transmit sDCI (DCI for sPDSCH and/or sPUSCH).

· For CRS-based sPDCCH, 

· In time domain,

· sPDCCH is transmitted from the first OFDM symbol within an sTTI

· sPDCCH is not mapped to the PDCCH region.

· FFS number of OFDM symbols of the sPDCCH

· Frequency resource for sPDCCH can be informed by eNB.







		Related agreements at the RAN1#87 meeting:



		· If the starting symbol index of the first potential sPDSCH is 1 and for STTI 0, decide if sDCI can be transmitted in the symbol(s) after PDCCH region within this sTTI or in the legacy PDCCH region. 

· Alt 1: choose PDCCH or sPDCCH by specification

· Alt 2: higher layer signaling to configure between PDCCH or sPDCCH 

· For any possible first potential sPDSCH starting symbol index, DL sTTI 1 to 5 each contain sPDCCH candidates







		Related agreements at the RAN1#89 meeting:



		Agreements:

· A UE can be configured to monitor at most two sPDCCH RB set(s) containing the sTTI USS in an sTTI.

· One sPDCCH candidate is contained within one RB set

· A sPDCCH RB set can be configured with at least the following information:

· A set of RBs 

· EPDCCH PRB allocation is reused

· Transmission scheme (e.g., CRS-based or DMRS-based)

· FFS: Dependent on subframe type

· Localized or distributed sCCE to sREG mapping (at least for CRS, and, if supported DMRS-based sPDCCH)

· FFS: Localized or distributed sPDCCH candidate to sCCE mapping

· Number of sPDCCH candidates/aggregation levels of the RB set

· FFS: Same or different sPDCCH candidates for different sTTI index

· Number of symbols for sPDCCH duration at least in case of CRS-based transmission

· RS scrambling sequence (e.g., VCID) in case of DMRS-based transmission

· FFS: other information (if needed)







sPDCCH search space design for sDCI (i.e. sDCI1) 

In the RAN1#88 meeting, it was agreed that an sPDSCH/sPUSCH is scheduled by a UE-specific sDCI1 and sDCI1 scheduling a single sPUSCH/sPDSCH is the baseline. sPDCCH region is only used to transmit sDCI1, thus sPDCCH search space is only for monitoring sDCI1. It is assumed here that an sPDCCH search space at aggregation level  is defined by a set of sPDCCH candidates similar as the definition for PDCCH and EPDCCH.   

Question 1: which option is supported for the supported aggregation levels for sPDCCH search space? Please provide the reason(s) for your choice. 

· Option 1: Support aggregation level .

· Option 2: Support aggregation level .

· Option 3: Support aggregation level .

· Option 4: Support aggregation level .

· Option 5: None of the above (please provide your detailed proposal if you choose this option)

		Company

		Views



		Huawei, HiSilicon

		Both option 2 and option 3 can be considered, down-selection could depend on the available REs within an sCCE. The supported aggregation levels for sPDCCH should achieve similar number of available REs for PDCCH with aggregation level 1, 2, 4 and 8. The aggregation levels to be monitored can be further configured and/or indicated.

A CCE consists of 36 available REs for PDCCH transmission. The sCCE size could be varied with the presence of RS. For example, an sCCE could consist of 3 sREGs (i.e. 36 available REs) for an sPDCCH RB set without any RE carrying any RS. An sCCE could consist of 4 sREGs for an sPDCCH RB set without any RE carrying any other RS except for CRS (i.e. 32 available REs or 40 available REs). In these two cases, the number of available REs in an sCCE is the same or similar as a CCE, thus the supported aggregation levels can be 1, 2, 4 and 8 as that for PDCCH. 

However, for some cases it is possible that the number of available REs in an sCCE is much smaller than 36. For example, an sPDCCH RB set includes both REs carrying CRS and REs carrying DMRS, for simplicity an sCCE could still consist of 4 sREGs (e.g. about 20 REs assumping 4 CRS ports and 6 DMRS REs per RB). In this case, aggregation level 2, 4, 8 and 16 is more appropriate. However, this case depends on whether to support CRS based sPDCCH scheduling DMRS based sPDSCH and/or monitoring DMRS based sPDCCH in an sTTI containg CRS.  

Based on the above discussion, option 3 is supported if all the above three cases are supported. Otherwise, option 2 should be supported.        



		Panasonic

		Even though the final choice depends on the CCE size, we assume that UEs with sTTI operated typically have good SINRs. Then a smaller set of supported aggregtaion levels should be sufficient, so the tendency from our side is leaning towards Option 1.



		Samsung

		It depends on the discussion result of sCCE size.

Similar to Panasonic’s view, higher AL may be unnecessary. 



		Nokia, ASB

		In general, the supported set of ALs might be in the end depending on the number of avaible REs per sCCE. Therefore, from this point of view Option 2 would be a good starting point (and could consider Option 3, in case the number of REs per sCCE is rather small). 



		Ericsson

		Option 1. For 5MHz and 1os sPDCCH, there can be at most sPDCCH for a single UE with AL8 (assuming 3sREG per sCCE). This would mean 50% OH for this UE assuming sPDSCH also uses the entire bandwidth on the 2nd os (otherwise more than 50% OH!).

With 4 sREG per sCCE, AL8 is only supported with 2os sPDCCH.

In general sTTI appears not very suitable for MBB UEs requiring a AL higher than AL 4 due to the CCH overhead. This was also observed in the system level evaluations done in the study item and captured in the corresponding findings in TR36.881. 

Therefore, AL of {1, 2, 4} are supported for sTTI. There is however a dependency with the outcome of Q1 in email discussion 89-04. AL 8 could be considered to cope with high RS overhead.





		Intel 

		Option 2. 

As long as long the aggregation level for monitoring sDCI is configurable per UE, we do not see the problem for 5MHz bandwidth. eNB can always ask UE to monitor the ALs <1,2,4> if there is no need of AL8 in some deployment scenario. However, from specification perspective, it would be good to allow AL8 and it can be used in low load case for cell-edge UEs where performance gain was widely observed in study phase for small packet. 



		ZTE

		We slightly prefer option 2.

sTTI operation is not expected to support the same coverage with LTE and no need for high reliability. So, we think the same aggregation levels with legacy PDCCH USS seems sufficient. 



		Qualcomm

		For the 2-symbol sTTI operation, we prefer Option 1. As outlined in our response to Question 1 of Email discussion [89-04], the set of ALs to consider should be chosen to provide a reasonable range of coding rates given the sDCI payload and the sCCE structure. For the 2-symbol operation, we consider one sDCI format for the DL and one sDCI format for the UL grants, where each of which has a payload of about 40bits (a 16-bit CRC is included.) Assuming 3 sREGs per sCCE, the following coding rates (CRs) are achieveable under Option 1:







		

		12REs/sREG

		9REs/sREG

		8REs/sREG



		AL = 1

		CR = 0.56

		CR = 0.74

		CR = 0.83



		AL = 2

		CR = 0.28

		CR = 0.37

		CR = 0.41



		AL = 4

		CR = 0.14

		CR = 0.18

		CR = 0.20







Note that the coding rates under AL = 8 is about 0.07-0.1, which is much lower than the achievable coding rate of the legacy DCI format 1A under AL = 8. Hence, AL values equal or larger than 8 should not be included. Also note that assuming 3 sREGs per sCCE and a 2-symbol sTTI, the overhead incurred by sending “only a single DL or UL grant” under AL = {8,16,32} in 5MHz, 10MHz and 20MHz of bandwidth is as follows:

		

		5MHz

		10MHz

		20MHz



		AL = 8

		48%

		24%

		12%



		AL = 16

		96%

		48%

		24%



		AL = 32

		N/A

		96%

		48%







Based on the above discussion, we propose to adopt Option 1 for the 2-symbol sTTI operation. Also, it should be highlighted that based on the sPDCCH overhead listed above for AL = {8,16,32}, the sDCI payload size should be kept as small as possible (in order to not require such large ALs.) Although providing flexibility in different aspects of the sTTI design might seem preferable, such flexibilities should not come at a expense of increasing the sDCI payload beyond about the proposed 40bits. 

The 1-slot sTTI operation may have a finer resource allocation granularity as compared to the 2-symbol sTTI operation. Hence, its sDCI payload may be larger. As a result, under this sTTI length, larger ALs might be needed to provide reasonable coding rates.   



		Motorola Mobility, Lenovo

		In our view, for 2/3 OS sTTI, having AL>8 consumes a lot of resources at least for system BW≤10 MHz.

We note that selecting AL to align with sRBG size (i.e., having the size of control channel candidates and sRBG size used for sPDSCH evenly divide with each other) can be beneficial to reduce unallocable unused sPDCCH resources to sPDSCH. 



		KT

		Option 1 and 2 is preferred. Considering sCCE including CRS and DMRS REs, it seems that available REs within sCCE will be smaller than we expected. However, the beamforming method and diversity scheme could be applied to sPDCCH transmission and thus there is high probability that sTTI services can be operated under the further good channel condition. So it doesn’t matter that available REs per sCCE are smaller than that of legacy CCE.



		LG Electronics

		We prefer Option 2. Considering the size of control channel in 2-OS sTTI, aggregation level above 8 seems too high. Within the candidate aggregation level in Option 2, different aggregation level lists can be applied to different sTTIs according to the available REs per sREG.







Question 2: which option is supported for configuring the number of sPDCCH candidates of an sPDCCH RB set? Please provide the reason(s) for your choice. 

· Option 1 : An sPDCCH RB set can be configured with sPDCCH candidate(s) for aggregation level , where  and . FFS the value of . 

· Option 2: An sPDCCH RB set  can be configured with sPDCCH candidate reduction value  for aggregation level , and the number of sPDCCH candidates to monitor at aggregation level  is  round, where , , and  is the maximum number of sPDCCH candidates at aggregation level . FFS the value of . 

· Option 3: None of the above (please provide your detailed proposal if you choose this option)

		Company

		Views



		Huawei, HiSilicon

		Both option 1 and option 2 can be considered. Slightly prefer option 2 considering a similar mechanism is already used for PDCCH.

Option 1 could provide more flexibility but it may result in more signaling overhead dpends on the value of . For example, if the maximum allowable number of sPDCCH candidates to be monitored in an sTTI is bigger than 4, it is possible that the value of  is bigger than 3, then more signaling overhead is needed compared to option 2. However, the RRC signaling overhead may be not a serious problem. 



		Panasonic

		Both options are acceptable but we have a slight preferance for option 1 due to the simple design.



		Samsung

		If the value of M is configurable in option 1 and different according to L, it seems that both options are effectively the same. Then, we prefer option 1.



		Nokia, ASB 

		Option 1: configure the candidates per AL directly. The largest possible value of M should be given by the maximum UE capability. 



		Ericsson	

		Option 1 appears simpler and clearer. Both options would be ok since they achieve the same thing as long as M_full^(L) is per AL.



		Intel

		Our understanding on the difference between two options is that they provides different granularity for the monitor candidates splitting. In particular, the Opt.1 allows a finer granularity for splitting the blind decoding attempts (BDA) (i.e. one BD basis) but cause larger signaling overhead. 

Note that we assume that, like in eCA, UE will first report the maximum processing capability for BDA and then for both two options, i.e.   in Opt.2 and  in Opt.1 should be set based on the indicated BDA for a particular UE. 

With this clarification, our preference is Opt.2 due to the simply signaling structure. We think splitting granularity of Opt.2 should be sufficiently enough from scheduling perspective. For example, for AL#1 in LTE, BDA for this AL is 6 on USS. Then Opt.2 allows eNB to assign following BDAs for one set, <0, 2,4,6>. Note that for AL#4 and 8, there is no difference between Options as the full ALs is just 2 and Opt.2 also allows to configure <0,1,1,1> with 1 BD granularity.  



		ZTE

		Option 1 and Option 2 are both fine with us.

There is no big difference between the two options. If M=1, the signalling overhead of option 1 is smaller. If M=2 or 3, the two options have the same overhead. If M≥4, the overhead of option 2 is smaller.



		Qualcomm

		We prefer Option 1 unless a need to adopt Option 2, in order to reduce the number of candidates per AL, is identified. In particular, in eCA, due to a large number of CCs that a user may need to monitor, the number of BDs per subframe might be extensive. Hence, the number of BDs per subframe is tied to the UE capability, and controlled by the eNB through a 2-bit indicator. However, it is yet not clear how many CCs will be supported under the sTTI operation. We also prefer to define the maximum number of BDs per carrier. This is different from eCA, where the UE declares its BD capability regardless of the number of CCs. This allows for better power optimization per CC from an implementation point of view. 



		Motorola Mobility, Lenovo

		Both options can be considered. Option 2 could be useful in case of carrier aggregation.   



		KT

		For more flexibility, option 1 is more preferred than option 2.



		LG Electronics

		We can consider both Option 1 and 2. where we slightly prefer Option 2 which is a similar approach to that of  eCA.







Note: please go to Q3 to Q8 if your choice for Q2 is option 1, go to Q9 to Q15 if your choice for Q2 is option 2, and go to Q16 to Q20 if your choice for Q2 is option 3. Then please go to Q21 to Q31 no matter which option you chose for Q2.



Question 3: if your choice for Q2 is option 1 (i.e. configure sPDCCH candidates for aggregation level ), does an sPDCCH RB set  support the configuration of 0 for  for all the supported aggregation levels? Please provide the reason(s) for your answer.

		Company

		Views



		Huawei, HiSilicon

		Yes. Supporting the configuration of 0 for  for all the supported aggregation levels can allow configuring an sPDCCH RB set to a UE but the UE doesn’t need to monitor sPDCCH in this sPDCCH RB set, while the UE could perform rate matching for sPDSCH around this sPDCCH RB set. In this case, this sPDCCH RB set is used for sPDCCH transmission for other UEs. For example, a UE operating 1-slot sTTI can be configured with the sPDCCH RB set which is used for sPDCCH transmission for 2-symbol sTTI operation, then 1-slot sPDSCH can be scheduled within the whole bandwidth of an serving cell.   

Firstly, it can provide more scheduling flexibility for sPDSCH since there is no limitation on the potential scheduling bandwidth because of multiplexing different TTI lengths, which could improve resource utilization efficiency.

Secondly, it can save UE power consumption since UE doesn’t need to do unnecessary sPDCCH monitoring in this kind of sPDCCH RB set.



		Panasonic

		Yes.

Especially if Q1 adopts Option 3-5, it should not be mandated that there is at least one candidate for each aggregation level. If Q1 adopts Option 1-2, it is not as beneficial, but still there is no major drawback to allow setting an AL to 0 candidates.



		Samsung

		No.

The eNB can configure one or two sPDCCH RB set(s). If the eNB wants to set M^(L) as zero for all ALs, why did the eNB configure two sPDCCH RB sets instead on one? Since we already support the configuration with one sPDCCH RB set, we don’t need to support the case to configure M^(L) for all ALs as zero.



		Nokia, ASB 

		Yes – and no. Option 1 notes that only 2 RB sets can be configured (P either 0 or 1). According to the last meeting agreement “A UE can be configured to monitor at most two sPDCCH RB set(s) containing the sTTI USS in an sTTI”. Therefore, active RB-set, if configured, should contain at least one non-zero value of .We propose to have RB sets configurable for a UE not containing candidates (for re-use sPDCCH management of other UEs sPDCCH RB sets), however these should be considered in addition to the two active sets the UE would be monitoring for.



		Ericsson

		The question is not totally clear. 0 candidates for all AL? Or can 0 be a valid entry for a AL?

We do not see the benefit of configuring no candidates for all AL. There should be at least one AL with at least one sPDCCH candidate. Otherwise, why configuring sTTI?

0 can be a valid entry for some ALs but not all at the same time.



		ZTE

		It depends on the number of RB sets configured and whether sDCI 2 is supported. 

1. The configuration of 0 for for all the supported ALs can be indicated by RRC or sDCI2. 

1. If only one RB set is configured and sDCI 2 is supported, the configuration of 0 for   for all the supported ALs is equivalent to the deactivation operation of sDCI2. That is no matter the configuration is done by RRC or sDCI2, it is no need to support.

1. If two RB sets are configured or sDCI 2 is not supported. This kind of configuartion can be considered. 

Note, in our view, up to two sPDCCH RB sets are enough to achieve all mapping possibilities between the two RB sets and the two sREG-to-sCCE mapping schemes (localized or distributed).  That is configuring more than 2 RB sets are not prefered. 



		Qualcomm

		No.

There could be two reasons for setting 0 candidates for all ALs in a given RB set. First, a UE can save power by not monitoring a given RB set. However, the number of RB sets and the number of candidates per AL per RB set are both configured by a higher layer signaling. If there is a need for power saving, this can be done semi-statically. In particular, in such a case, a UE can be configured with one RB set only. The second reason for adopting such a configuration could be to allow UEs to rate-match around the “known” RB sets, which are used by other UEs. However, this approach does not bring much benefit in terms of claiming the unused sPDCCH resources. If only a fraction of an RB set is used, another user has to rate-match around the entire RB set; this, in turn, increases the sPDCCH overhead. 



		Motorola Mobility, Lenovo

		No. Necessity of such configuration for all candidates of the set is not clear.  



		KT

		Of course, the configuration of 0 for  of all the ALs may decrease the UE power comsuption and the number of BDs by controlling the maxim number of blind decoding attempts. However, it is sufficiently attainable goal by skipping specific AL or ALs which induce unnecessary BD attempts under the eNB configuration.



		LG Electronics

		No, the motivation of ‘0’ BD candidate PRB set is not clear 







Question 4: if your choice for Q2 is option 1 (i.e. configure sPDCCH candidates for aggregation level ), which option is supported for the number of aggregation levels to be monitored within sPDCCH RB set  in an sTTI? Please provide the reason(s) for your choice.

· Option 1: Support at most 2 aggregation levels with the value of not equal to 0.

· Option 2: Support any subset of the supported aggregation levels  with the value of not equal to 0.

· Option 3: None of the above (please provide your detailed proposal if you choose this option)

		Company

		Views



		Huawei, HiSilicon

		We slightly prefer option 1. If sDCI 2 is supported, option 2 can be considered also.

Firstly, it can be expected that the channel quality of a UE operating sTTI won’t change significally within a period, thus the changes of aggregation level among consecutive sTTIs won’t change dramatically.  

Secondly, restricting the number of aggregation levels to be monitored can provide the chance to reduce the total number of blind decodes.



		Panasonic

		Option 2. There is no strong reason to introduce restrictions as in Option 1, and the 'cost' of Option 2 is negligible.



		Samsung

		Option 1.

This makes the number of sDCI blind detections decreasing.



		Nokia, ASB 

		Option 2: we do not see any reason to restrict the applicable ALs here. An eNB has to make sure that total number of cadidates does not exceed UE’s  BD limited.



		Ericsson

		we prefer option 2 with a constraint on the total nr of blind decodes (sum of M_p^L <= limit). This gives more flexibility to the eNB to distribute the available nr of blind decodes over the supported ALs.



		ZTE

		Option 1. 

To relax the processing timeline, the number of ALs/candidates to be monitored in a RB set should be limited. We think maximum 2 ALs with predefined/configured number of candidates is a good way to go.



		Qualcomm

		Depending on the number of ALs to be defined, either Option 1 or Option 2 can be considered. Also, this choice could be different for a 2-symbol and a 1-slot operations depending on the final list of ALs for each of them.



		Motorola Mobility, Lenovo

		Option 2:   Necessity of such restriction is not clear.



		KT

		We think option 2 is reasonable. 

It seems that option 1 is one subset of option 2 by selecting 2 specific aggregation levels.



		LG Electronics

		Prefer Option 1 to minimize BD candidates, yet, open for actual numbe of ALs (e.g., 2 or 3)







Question 5: if your choice for Q2 is option 1 (i.e. configure sPDCCH candidates for aggregation level  and ), is  the maximum allowable number of sPDCCH candidates to be monitored in an sTTI? If no, please provide your detailed proposal.

		Company

		Views



		Huawei, HiSilicon

		Yes if option 1 is supported. It is simpler from signaling perspective.  



		Panasonic

		Yes



		Samsung

		Yes

In our understanding, M is variable according to L. 



		Nokia, ASB 

		Yes. As noted in our anser to Q2 already, M should the maximum allowable number of sPDCCH candidates. 



		Ericsson

		Yes, M is the maximum allowed number of sPDCCH candidates to monitor per sTTI. The sum of M_p^L over L should be smaller than M.



		ZTE

		No.

There is no need to define M the candidates number of each AL equal to N the maxumum allowable number of sPDCCH candidates to be monitored in an sTTI. If M=N, the overhead of indication   may be larger than that case of M<N. 

For example, the maxumum allowable number of sPDCCH candidates to be monitored in an sTTI can be N=3 or 6 as described in the answer of Q7. However, the candidates  for aggregation level L could be defined as M=2, and the actual candidates to be monitored for aggregation level L can be configured to equal or smaller than M, i.e., {0,1,2}.



		Qualcomm

		Yes. Regrdless of the number of RB sets and the ALs, the total number of required BDs per sTTI should be fixed.



		KT

		Yes







Question 6: if yes for Q5 (i.e.  is the maximum allowable number of sPDCCH candidates to be monitored in an sTTI), is the total number of configured sPDCCH candidates from different aggregation levels and/or different sPDCCH RB sets to be monitored smaller or equal to ? If no, please provide your detailed proposal.

		Company

		Views



		Huawei, HiSilicon

		Yes. The maximum allowable number of sPDCCH candidates shoud be divided among different aggregation levels and/or different sPDCCH RB sets to be monitored. eNB should gurantee it by sPDCCH RB set configuration. 



		Panasonic

		Yes. The UE should rely on the network to not overbook the total BD capability.



		Samsung

		Yes. 



		Nokia, ASB

		Not sure we got the question right. It is up to the eNB to distribute the maximum number of candidates M over the ALs. It is up to the eNB to use all of them (i.e. total number of configured equals to M) or if a smaller number is to be configured for a UE (.. smaller/less than M).  In addition, the the total number of candidates to be monitored depends on the number of DCI format sizes a UE needs to monitor.  



		Ericsson

		Yes, the sum of M_p^L over L should be smaller than or equal to M.



		ZTE

		No. 



M is the maximum number of candidates for an aggregation level. The total number of configured sPDCCH candidates for different aggregation levels in set P is  and it can be samller, equal or larger than M. Meanwhile, the total number (no matter one RB set or two RB sets) is not larger than the maxumum allowable number of sPDCCH candidates to be monitored in an sTTI. 



		Qualcomm

		Yes. The number of candidates per AL per RB is defined such that, regardless of the number of configured RB sets and number of RBs per RB set, the number of blind decode operaions is less than or equal to the maximum number of allowable blind decodes.



		KT

		Yes



		LG Electronics

		If the question is for whether maximum BD candidates should be distributed over configured ALs, yes. 







Question 7: if your choice for Q2 is option 1 (i.e. configure sPDCCH candidates for aggregation level ), which option is supported for the value of  for 2/3-symbol sTTI? Please provide the reason(s) for your choice.  

· Option 1:  is equal to 6.

· Option 2:  is equal to 4.

· Option 3:  is equal to 2.

· Option 4: None of the above (please provide your detailed proposal if you choose this option)

		Company

		Views



		Huawei, HiSilicon

		We slightly prefer option 2. If in the end only 1 blind decod is needed for one sPDCCH candidate due to alignment on the DL and UL payload size, option 1 is ok for us also. 

To reduce sPDCCH processing time, sPDCCH blind decodes (BDs) in each sTTI should be as low as possible. In addition, to avoid additional UE capability requirement, it is better to keep the total maximum number of PDCCH blind decodes (BDs) and sPDCCH BDs in a subframe (at least in the first slot) almost the same as before or slightly larger than before. 

Therefore, it is preferred that the maximum allowable number of sPDCCH candidate in an sTTI at least in the first slot in a subframe should be very small considering UE also needs to monitor PDCCH. For example, at most 2 sPDCCH candidate is preferred. For an sTTI in the second slot, more sPDCCH candidates can be considered especially for sTTI 3 since it is possible to share same sPDCCH set(s) between 2-symbol sTTI ans 1-slot sTTI and also it is possible that UE already finishes PDCCH blind decoding in the second slot. For example, at most 4 or 6 sPDCCH can be considered. For simiplicty, the maximum value of can be determined based on the maximum number of candidates in sTTI 3. Therefore, we slightly prefer option 2 for now.      



		Panasonic

		Our preference is that M is equal to either 6 or 8.



		Samsung

		This is to find the optimal point considering the number of BDs and blocking probability.

At this moment, we prefer Option 2.



		Nokia, ASB

		We do not fully get the logic of the question here – does M in this question refers to the maximum number of candidates an eNB can configure for one AL (based on Q2, but unclear if in Q5 somebody would say ‘No’) – or is the M the total maximum number of sPDCCH candidates in a sTTI?

Moreover, maybe we should first determine the number of BDs and the number of DCI formats a UE needs to monitor. Assuming a single DCI format size and M being the total number of sPDCCH blind decodes, we think Option 1 (6 sPDCCH candidates/BDs) could be preferred by us. 



		Ericsson

		Option 1. 6 per sTTI provides sufficient flexibility to the eNB in terms of AL available to adapt to changing radio conditions and in terms of candidate positions to reduce blocking situation.  



		ZTE

		M=2 or 4.

[bookmark: OLE_LINK15][bookmark: OLE_LINK16]If the maximum number of blind detections in each sTTI should be reduced in order to limit the total processing delay in one subframe. Consequently, the number of candidates and aggregation levels for sTTI UEs should be reduced according to length of sTTI. 

Take UE-specific search space of legacy PDCCH as example, aggregation level 1, 2, 4, 8 CCEs with 16 candidates would bring 32 blind decoding attempts. For 6 2/3-OS sTTIs in one subframe, about 3 candidates in one sTTI could be reserved and 1 or 2 aggregation levels could be configured. If only one DCI size can be used for short TTI, there could be about 6 candidates in one DL sTTI. 

Combined with the answer of Q4, 2 aggregation levels can be configured. Then, the lower aggregation level can have 2 (or 4) candidates and the higher aggregation level can have 1 (or 2) candidates. So M could be 2 (or 4).



		Qualcomm

		We think that Option 2 and 3 are limiting. The total number of candidates per sTTI could be 6 or even larger.



		Motorola Mobility, Lenovo

		We expect a UE to monitor ~7 sPDCCH candidates (at least in the second slot, sTTIs of first slot may contain less candidates) per 2/3 OS sTTI.



		KT

		We prefer option 2

Achievable benefit of sTTI operation will mainly depend on UE procssing time reduction. So it will be beneficial that the value of M is smaller as compared with legacy PDCCH candidates ‘M’







Question 8: if your choice for Q2 is option 1 (i.e. configure sPDCCH candidate for aggregation level ), which option is supported for the value of  for 1-slot sTTI? Please provide the reason(s) for your choice.  

· Option 1: Same as the value for 2/3-symbol sTTI

· Option 2: Different from the value for 2/3-symbol sTTI (please provide your detailed proposal if you choose this option)

		Company

		Views



		Huawei, HiSilicon

		We slightly prefer option 2. For a UE operating 1-slot sTTI, the value of   can be typically set to a bigger value if needed considering less sTTIs to be monitored in a subframe for a UE operating 1-slot sTTI.  



		Panasonic

		Option 2. The 1-slot sTTI’s BD times can be increased compared with 2/3-symbol sTTI. If totally 48 BD can be supported for 2/3 symbol sTTI, then 24 BD can be supported in each 1-slot sTTI.



		Samsung

		Option 2. 

There may be more UEs when slot sTTI is used compared to when 2/3-OS sTTI is used. So, to reduce the blocking probability, M for slot TTI operation can be larger than that for 2/3-OS sTTI operations. 



		Nokia, ASB

		Option 2: As there is more time for the UE and less monitoring in a SF, we think that a slightly larger value of M could be used for slot-level TTI. 



		Ericsson

		Option 2 would be preferable since a UE would need to only monitor sPDCCH in two sTTI per subframe in case of slot based TTI. Aiming at the same number of blind decodes for slot based sPDCCH as for 2os sPDCCH over a subframe, 18 per slot TTI should be aimed at for slot sPDCCH.



		ZTE

		Option 2

The total blind detections of different sTTI lengths in 1ms duration are suppoesd to the same. Then a longer sTTI length can support a larger number of blind detections.



		Qualcomm

		Option 2 is more preferable given that the number of 1-slot sTTIs per subframe is smaller than that of the 2-symbol sTTIs.



		Motorola Mobility, Lenovo

		Option 2: more candidates compared to 2/3 OS TTI can be monitored in a slot-TTI to provide more scheduling possibilities given the processing budget. 



		KT

		We prefer option 2

In case of 1-slot sTTI, UE can have longer processing time than 2/3-symbol sTTI. So there is no problem regardless of whether the value of M is bigger value than 2/3-symbol sTTI.



		LG Electronics

		Option 2 is preferred with potentially different number of BDs per sTTI between 2 and 7 OS sTTIs. 









Note: Please check Q9 to Q15 if your choice for Q2 is option 2 (i.e. configure sPDCCH candidate reduction value , otherwise you can skip these questions.



Question 9: if your choice for Q2 is option 2 (i.e. configure sPDCCH candidate reduction value )), does an sPDCCH RB set  support the configuration of 0 for  for all the supported aggregation levels? Please provide the reason(s) for your answer.

		Company

		Views



		Huawei, HiSilicon

		Yes. Supporting the configuration of 0 for for all the supported aggregation levels can allow configuring an sPDCCH RB set to a UE but the UE doesn’t need to monitor sPDCCH in this sPDCCH RB set, while the UE could perform rate matching for sPDSCH around this sPDCCH RB set. In this case, this sPDCCH RB set is used for sPDCCH transmission for other UEs. For example, a UE operating 1-slot sTTI can be configured with the sPDCCH RB set which is used for sPDCCH transmission for 2-symbol sTTI operation, then 1-slot sPDSCH can be scheduled within the whole bandwidth of an serving cell.   

Firstly, it can provide more scheduling flexibility for sPDSCH since there is no limitation on the potential scheduling bandwidth because of multiplexing different TTI lengths, which could improve resource utilization efficiency.

Secondly, it can save UE power consumption since UE doesn’t need to do unnecessary sPDCCH monitoring in this kind of sPDCCH RB set.



		Panasonic

		Yes. Especially if Option 3-5 in Q1 is adopted, this is essential in order to have a good flexibility of the configuration.



		Intel

		No. 

Support the configuration of 0 for  for all the supported aggregation levels in one resource set essentially disables it. As the resource set itseft is also configured by RRC signaling, we do not see the need of this duplicated function since network can simply not configure this resource set for that UE if it do not want UE to monitor it.   



		ZTE

		It depends on the number of RB sets configured and whether sDCI 2 is supported. 

1. The configuration of 0 for for all the supported ALs can be indicated by RRC or sDCI2. 

1. If only one RB set is configured and sDCI 2 is supported, the configuration of 0 for  for all the supported ALs is equivalent to the deactivation operation of sDCI2. That is no matter the configuration is done by RRC or sDCI2, it is no need to support.

1. If two RB sets are configured or sDCI 2 is not supported. This kind of configuartion can be considered. 

Note, in our view, up to two sPDCCH RB sets are enough to achieve all mapping possibilities between the two RB sets and the two sREG-to-sCCE mapping schemes (localized or distributed).  That is configuring more than 2 RB sets are not prefered. 



		LG Electronics	

		No. If all aggregation levels have zero sPDCCH candidate for a RB set, then there is no reason to configure such kind of RB set at first.







Question 10: if your choice for Q2 is option 2 (i.e. configure sPDCCH candidate reduction value )), which option is supported for the number of aggregation levels to be monitored within sPDCCH RB set  in an sTTI? Please provide the reason(s) for your answer.

· Option 1: Support at most 2 aggregation levels with the value ofnot equal to 0.

· Option 2: Support any subset of the supported aggregation levels  with the value of not equal to 0.

· Option 3: None of the above (please provide your detailed proposal if you choose this option)

		Company

		Views



		Huawei, HiSilicon

		We slightly prefer option 1. If sDCI 2 is supported, option 2 can be considered also.

Firstly, it can be expected that the channel quality of a UE operating sTTI won’t change significally within a period, thus the changes of aggregation level among consecutive sTTIs won’t change dramatically.  

Secondly, restricting the number of aggregation levels to be monitored can provide the chance to reduce the total number of blind decodes.



		Panasonic

		Option 2, especially if Q1 adopts Option 3-5. Otherwise, Option 1 is acceptable.



		Intel 

		Opt. 2.  

Note that we assume that disabling a paritcualr AL for one resource is supported in Opt.2 by setting  = 0 but keeping other ALs be monitored. As one example, NW can configure the BDAs for AL#1~8 as follows: <1 (AL#1), 0.66 (AL#2),0.66(AL#4), 0(AL#8)> for one resource set, disabling the AL#8 ONLY. 



		ZTE

		Option 1. 

To relax the processing timeline, the number of ALs/candidates to be monitored in a RB set should be limited. We think maximum 2 ALs with predefined/configured number of candidates is a good way to go.



		LG Electronics

		Option 2. We don’t see a strong motivation for restricting the number of aggregation levels to be monitored as ‘at most two’. A eNB already has a flexibility on it by configuring the value of 







Question 11: if your choice for Q2 is option 2 (i.e. configure sPDCCH candidate reduction value ), which option is supported for the value of  for 2/3-symbol sTTI? Please provide the reason(s) for your choice.  

· Option 1: is the same for all aggregation levels and is equal to 6.

· Option 2: is the same for all aggregation levels and is equal to 4.

· Option 3: is the same for all aggregation levels and is equal to 2.

· Option 4: is aggregation level specific, and FFS the value of  for aggregation level . (please provide the value of  if you choose this option)

· Option 5: None of the above (please provide your detailed proposal if you choose this option)

		Company

		Views



		Huawei, HiSilicon

		We slightly prefer option 2. If in the end only 1 blind decod is needed for one sPDCCH candidate due to alignment on the DL and UL payload size, option 1 is ok for us also. 

To reduce sPDCCH processing time, sPDCCH blind decodes (BDs) in each sTTI should be as low as possible. In addition, to avoid additional UE capability requirement, it is better to keep the total maximum number of PDCCH blind decodes (BDs) and sPDCCH BDs in a subframe (at least in the first slot) almost the same as before or slightly larger than before. 

Therefore, it is preferred that the maximum allowable number of sPDCCH candidate in an sTTI at least in the first slot in a subframe should be very small considering UE also needs to monitor PDCCH. For example, at most 2 sPDCCH candidate is preferred. For an sTTI in the second slot, more sPDCCH candidates can be considered especially for sTTI 3 since it is possible to share same sPDCCH set(s) between 2-symbol sTTI ans 1-slot sTTI and also it is possible that UE already finishes PDCCH blind decoding in the second slot. For example, at most 4 or 6 sPDCCH can be considered. For simiplicty, the maximum value of can be determined based on the maximum number of candidates in sTTI 3. Therefore, we slightly prefer option 2 for now. 



		Panasonic

		Option 1 or Option 5 with Mfull=9. Given that the scaling factor is {0.0, 1/3, 2/3, 1.0), if Mfull is the same for all aggregation levels, a multiple of 3 is most reasonable.



		Intel 

		Opt. 4. The smaller granularity should be given more BDAs considering the typical use case of sTTI operation.  may depend on the number of ALs assigned UE for monitoring. 



		ZTE

		Option 2 or Option 3 or Option 4

If the maximum number of blind detections in each sTTI should be reduced in order to limit the total processing delay in one subframe. Consequently, the number of candidates and aggregation levels for sTTI UEs should be reduced according to length of sTTI. 

Take UE-specific search space of legacy PDCCH as example, aggregation level 1, 2, 4, 8 CCEs with 16 candidates would bring 32 blind decoding attempts. For 6 2/3-OS sTTIs in one subframe, about 3 candidates in one sTTI could be reserved and 1 or 2 aggregation levels could be configured. If only one DCI size can be used for short TTI, there could be about 6 candidates in one DL sTTI. 

Combined with the answer of Q10, 2 aggregation levels can be configured. Then, the lower aggregation level can have 2 (or 4) candidates and the higher aggregation level can have 1 (or 2) candidates. So  can be 2 (or 4).  is the same or different for all ALs are both acceptable.



		LG Electronics

		We prefer Option 1. Assuming that the list of reduction values is {0, 0.33, 0.66, 1} as in the Q2, possible value for  would be {0, 2, 3, 6}, {0, 1, 3, 4}, and {0, 1, 1, 2} for  in Option 1, Option 2, and Option 3, respectively. If the number of candidates is just 1, the scheduling flexibility seems to be restricted too much. Depending on the list of reduction values, option 2 can also be considered.







Question 12: if your choice for Q2 is option 2 (i.e. configure sPDCCH candidate reduction value ) and if your choice for Q11 is option 1 or option 2 or option 3 (i.e. is the same for all aggregation levels), is  the maximum allowable number of sPDCCH candidates to be monitored in an sTTI? If no, please provide your detailed proposal.

		Company

		Views



		Huawei, HiSilicon

		Yes it is simpler from signaling perspective.  



		Panasonic

		No if Q11 adopts Option 1/2/3. If Mfull=6, then the total should be 8 or 12



		ZTE

		No. 

There is no need to define  the candidates number of aggregation level L equal to N the maxumum allowable number of sPDCCH candidates to be monitored in an sTTI. If =N, the overhead of indication   may be larger than that case of <N. 

For example, the maxumum allowable number of sPDCCH candidates to be monitored in an sTTI can be N=3 or 6 as described in the answer of Q11. However, the candidates  for aggregation level L could be defined as =2, and the actual candidates to be monitored for aggregation level L can be configured to equal or smaller than , i.e., {0,1,2}.



		LG Electronics

		No. It is up to network decision.







Question 13: if your choice for Q2 is option 2 (i.e. configure sPDCCH candidate reduction value )) and if your choice for Q11 is option 1 or option 2 or option 3 (i.e. is the same for all aggregation levels), is the total number of configured sPDCCH candidates from different aggregation levels and/or different sPDCCH RB sets to be monitored smaller or equal to ? If no, please provide your detailed proposal.

		Company

		Views



		Huawei, HiSilicon

		Yes. The maximum allowable number of sPDCCH candidates shoud be divided among different aggregation levels and/or different sPDCCH RB sets to be monitored. eNB should gurantee it by sPDCCH RB set configuration.



		Panasonic

		No if Q11 adopts Option 1/2/3. There is no reason to have the total for Q13 different from the total for Q12.



		ZTE

		No. 



 is the maximum value for an aggregation level. The total number of configured sPDCCH candidates for different aggregation levels in set P is  and it can be samller, equal or larger than . Meanwhile, this total number (no matter one RB set or two RB sets) is not larger than the maxumum allowable number of sPDCCH candidates to be monitored in an sTTI.



		

		



		

		







Question 14: if your choice for Q2 is option 2 (i.e. configure sPDCCH candidate reduction value )) and if your choice for Q11 is option 4 (i.e. is aggregation level specific), is the total number of configured sPDCCH candidates from different aggregation levels and/or different sPDCCH RB sets to be monitored smaller or equal to the maximum allowable number of sPDCCH candidates to be monitored in an sTTI? If yes, please provide the maximum allowable number of sPDCCH candidates to be monitored in an sTTI.

		Company

		Views



		Panasonic

		If Q11 adopts option 4, the total number should be at most 12.



		Intel 

		8 or 6, depending on the aggregation levels would be defined for UE monitoring. 8 assumes <1,2,4,8> and 6 for <1,2,4> only. 



		ZTE

		Yes. The maxumum allowable number of sPDCCH candidates to be monitored in an sTTI is 3 or 6 as described in the answer of Q11.



		

		



		

		







Question 15: if your choice for Q2 is option 2 (i.e. configure sPDCCH candidate reduction value ), which option is supported for the value of  for 1-sot sTTI? Please provide the reason(s) for your choice.  

· Option 1: Same as the value for 2/3-symbol sTTI

· Option 2: Different from the value for 2/3-symbol sTTI (please provide your detailed proposal if you choose this option)

		Company

		Views



		Huawei, HiSilicon

		We slightly prefer option 2. For a UE operating 1-slot sTTI, the value of can be typically set to a bigger value if needed considering less sTTIs to be monitored in a subframe for a UE operating 1-slot sTTI.  



		Panasonic

		Option 2 with a larger number of BDs is acceptable.



		Intel 

		Opt.2 to give more flexibility for eNB scheduler. 



		ZTE

		Option 2

The total blind detections of different sTTI lengths in 1ms duration are suppoesd to the same. Then a longer sTTI length can support a larger number of blind detections.



		LG Electronics

		Option 2 is preferred. Considering the more number of blind decodes seems to be feasible to 1-slot sTTI compared to those of 2/3symbol sTTI.





Note: Please check Q16 to Q20 if your choice for Q2 is option 3, otherwise you can skip these questions.



Question 16: if your choice for Q2 is option 3 (i.e. neither configuring Spdcch candidates nor configuring Spdcch candidate reduction value ), does an Spdcch RB set support 0 for the number of Spdcch candidates to be monitored within the Spdcch RB set (e.g. configuring an Spdcch RB set just for flexible scheduling Spdsch thus UE doesn’t need to monitor Sdci1 in the Spdcch RB set)? Please provide the reason(s) for your answer.

		Company

		Views



		

		



		

		



		

		



		

		







Question 17: if your choice for Q2 is option 3 (i.e. neither configuring Spdcch candidates nor configuring Spdcch candidate reduction value ), which option is supported for the number of aggregation levels to be monitored within an Spdcch RB set? Please provide the reason(s) for your answer.

· Option 1: Support at most 2 aggregation levels to be monitored within an Spdcch RB set in an Stti.

· Option 2: Support any subset of the supported aggregation levels  (derived from Q1) to be monitored within an Spdcch RB set in an Stti.

· Option 3: None of the above (please provide your detailed proposal if you choose this option)

		Company

		Views



		

		



		

		



		

		



		

		







Question 18: if your choice for Q2 is option 3 (i.e. neither configuring Spdcch candidates nor configuring Spdcch candidate reduction value ), is the total number of configured Spdcch candidates from different aggregation levels and/or different Spdcch RB sets to be monitored smaller or equal to the maximum allowable number of Spdcch candidates to be monitored in an Stti? If no, please provide your detailed proposal.

		Company

		Views



		

		



		

		



		

		



		

		







Question 19: if your choice for Q2 is option 3 (i.e. neither configuring Spdcch candidates nor configuring Spdcch candidate reduction value ), which option is supported for the maximum allowable number of Spdcch candidates to be monitored in an Stti for 2/3-symbol Stti? Please provide the reason(s) for your choice.

· Option 1: the maximum number of Spdcch candidates to be monitored in an Stti for 2/3-symbol Stti is 6.

· Option 2: the maximum number of Spdcch candidates to be monitored in an Stti for 2/3-symbol Stti is 4.

· Option 3: the maximum number of Spdcch candidates to be monitored in an Stti for 2/3-symbol Stti is 2.

· Option 4: None of the above (please provide your detailed proposal if you choose this option)

		Company

		Views



		

		



		

		



		

		



		

		







Question 20: if your choice for Q2 is option 3 (i.e. neither configuring Spdcch candidates nor configuring Spdcch candidate reduction value ), which option is supported for the maximum allowable number of Spdcch candidates to be monitored in an Stti for 1-slot Stti? Please provide the reason(s) for your choice.

· Option 1: Same as the value for 2/3-symbol Stti

· Option 2: Different from the value for 2/3-symbol Stti (please provide your detailed proposal if you choose this option)

		Company

		Views



		

		



		

		



		

		



		

		











Note: Please check Q21 to Q31 no matter which option you chose for Q2.

Question 21: which option is supported for configuring the number of Spdcch candidates of an Spdcch RB set? Please provide the reason(s) for your choice.

· Option 1: Same configuration applied to all sTTIs with Spdcch region in a subframe (i.e. same number of Spdcch candidates to be monitored in different sTTIs) 

· Option 2: Different configurations for different sets of sTTIs in a subframe (i.e. different number of Spdcch candidates to be monitored in different sets of sTTIs).

· Option 3: None of the above (please provide your detailed proposal if you choose this option)

		Company

		Views



		Huawei, HiSilicon

		We slightly prefer option 2. 	

For Stti 3 since it is possible to share same Spdcch set(s) between 2-symbol Stti and 1-slot Stti, the number of Spdcch candidates could be more than other sTTIs. Sharing RB(s) between Spdcch RB set for 2-symbol operation and Spdcch RB set for 1-slot operation (e.g. same RB set(s) for 2-symbol operation and 1-slot operation) is beneficial. Firstly, it could provide more frequency diversity gain for Spdcch since wider bandwidth can be configured for each Spdcch RB set. Secondly, it may reduce the Spdcch blocking probability since more resource available. Thirdly, it provides more flexibility for Spdsch scheduling since 1-slot Spdsch scheduling is not limited to the bandwidth for 1-slot Stti. 

In addition, it is preferred that the maximum allowable number of Spdcch candidate in an Stti at least in the first slot in a subframe should be very small considering UE also needs to monitor PDCCH. For example, at most 2 Spdcch candidate is preferred. For an Stti in the second slot, more Spdcch candidates can be considered considering it is possible that UE already finishes PDCCH blind decoding in the second slot. Therefore,  the Spdcch candidate configuration should allow the possibility to configure different number of Spdcch candidates in different sets of Stti.  



		Panasonic

		Option 1. It provides sufficient flexibility. The implementation anyway has to provide for the maximum number in all sTTIs.



		Samsung

		Option 1.

Since there is no dynamic switching between 2/3-OS Stti and slot Stti for a given UE, there is no need to consider that case. Also, a UE anyway needs to satisfy the processing time for given maximal value of M. Then, the UE can always decode Sdci as M within given processing time line.



		Nokia, ASB

		Same question/answer as  in “Spdcch design” email discussion

Option 2: There might be a need to have a varying number of AL candidates (or the overall number of Spdcch candidates) e.g. depending on the decision on how to handle the CRS and DM-RS based demodulation for normal / MBSFN subframes. We might need further design decisions in place before being able to have a final agreement on this point.  Furthermore, if the number of sREGs forming the Scce is fixed and independent of RS overhead and the amount of usable REs varies, the Als of  Spdcch  containing RS and not containing RS would need to be different.





		Ericsson

		Option 2 is preferable to adapt to the different RS overhead in different sTTIs. If for instance a fixed nr of Sreg per Scce is chosen, the nr of Spdcch candidates of high AL could be increased in Stti with high RS overhead compared to other sTTIs.



		Intel

		Opt.2. Sharing the same views of Nokia and Ericsson. 



		ZTE

		Option 3. It may be dependent on the type of subframe.

For non-MBSFN subframe, as described in answer of Q10 in [89-04] email discussion. UE is not expected to receive DMRS-based sPDCCH in 2/3-OS DL sTTI containing CRS. So Option 2 is prefered.

For MBSFN subframe, only DMRS-based sPDCCH can be configured/used and Option 1 is acceptable for us for this case.



		Qualcomm

		The maximum number of BDs per sTTI should be the same across all sTTIs. Also, from an implementation point of view, a fixed configuration across all sTTIs is more desirable. Hence, we prefer Option 1.



		Motorola Mobility, Lenovo

		Option 2: the sTTIs of the first slot can have smaller number of candidates to reuse the available PDCCH hardware capability (assuming 44 PDCCH BDs can be processed by the end of the first slot in the subframe). 



		KT

		We have the same view of Panasoic and Samsung.



		LG Electronics

		Considering that our preference in the Q11 is option 1 (i.e., M_full^((L)) is the same for all aggregation levels and is equal to 6), it seems to be enough for resolving blocking issue. In this sense, our preference is option 1 for simplicity.







Question 22: if your choice for Q21 is option 2, which option is supported for the sets of sTTIs in a subframe? Please provide the reason(s) for your choice.

· Option 1: sTTIs in the first slot belongs to set 1 and sTTIs in the second slot belongs to set 2 

· Option 2: sTTI 3 belongs to set 1 and remaing sTTIs (i.e. sTTI 0, 1, 2, 4 and 5) belongs to set 2

· Option 3: None of the above (please provide your detailed proposal if you choose this option)

		Company

		Views



		Huawei, HiSilicon

		We slightly prefer option 2. 	

For sTTI 3 since it is possible to share same sPDCCH set(s) between 2-symbol sTTI and 1-slot sTTI, the number of sPDCCH candidates could be more than other sTTIs. Sharing RB(s) between sPDCCH RB set for 2-symbol operation and sPDCCH RB set for 1-slot operation (e.g. same RB set(s) for 2-symbol operation and 1-slot operation) is beneficial. Firstly, it could provide more frequency diversity gain for sPDCCH since wider bandwidth can be configured for each sPDCCH RB set. Secondly, it may reduce the sPDCCH blocking probability since more resource available. Thirdly, it provides more flexibility for sPDSCH scheduling since 1-slot sPDSCH scheduling is not limited to the bandwidth for 1-slot sTTI. 

To reduce UE power comsumotion and also redcue sPDCCH processing time, it is better not to configure same number of sPDCCH candidates as sTTI 3 if there is no strong motivation identified.  



		Nokia, ASB

		Option 3: If having two sets – we don’t see a need to restrict by specification the different sets. The sTTI’s in a certain set could be fully flexibly allocated, and sets are not neceserilly defined within a subframe. 



		Ericsson

		For 2os TTI it could be option 3 with:

One set of sTTI without CRS 

One set of sTTI with 2 port CRS

One set of sTTI with 4 port CRS



		Intel 

		We do not see the need to introduce the sTTI sets for sTTI operation. 

We assume the 2-symbol and slot-based operations, at least from configuration persepective, are independent. It is up to eNB decision whether to configure some overlapped RBs in frequency domain between control resource sets of 2-symbols and slot-based and it may be overlapped in some sTTI, e.g. 2-symbol sTTI #3. But, the search space and sPDCCH monitoring for 2-symbols and slot-based sPDSCH scheduling should be logically independent without interaction. 



		ZTE

		Option 3: sTTI 1, 3, 5 belongs to set 1 and sTTI 2, 4 belongs to set 2.

First, sPDCCH RB set should not be configured in sTTI #0 since sDCI in sTTI #0 is carried in PDCCH only. 

Then, DMRS-based sPDCCH should not be configured in sTTI 1, 3, 5 containing CRS, while both types sPDCCH can be configured in sTTI 2, 4 without containing CRS.



		Motorola Mobility, Lenovo

		As discussed in Q21, option 1 may facilitate PDCCH processing hardware reuse.



		LG

		Different AL set can be used depending on RS overhead in each sTTI.







Question 23: which option is supported for the sPDCCH search space for sDCI1 scheduling sPDSCH (i.e. DL assignment) and sDCI1 scheduling sPUSCH (i.e. UL grant)? Please provide the reason(s) for your choice.

· Option 1: Same sPDCCH search space for DL assignment and UL grant

· Option 2: Separate sPDCCH search space for DL assignment and UL grant

		Company

		Views



		Huawei, HiSilicon

		Both option 1 and option 2 can be consided.

If same sDCI payload size is applied for sDCI1 scheduling sPDSCH and sDCI1 scheduling sPUSCH, same sPDCCH search space for DL assignment and UL grant can help reduce blind decodes. 

There are some benefits for option 2 also. For example, it is beneficial for DL processing time since UE does not need to detect UL grant before detecting DL assignment 



		Panasonic

		Option 1 to improve resource utilization. If there is a benefit of having separate search spaces for the network, it can be ealized by using two sPDCCH sets. See also Q24.



		Samsung

		Option 1. 

If possible, by using the same size of sDCI for DL/UL scheduling, it reduces the BDs. Also, for the eNB, option 1 gives flexibility of sDCI mapping.



		Nokia, ASB

		Option 1: Same search space and (preferably) same sDCI size



		Ericsson

		Option1. Having separate search space for UL and DL automatically increases the nr of blind decodes. With UL grant and DL assignment sharing the Same search space there is possibility to align DCI sizes.



		Intel 

		Opt.1. This can half the BDAs at the UE if DCI format sizes of DL/UL grant are same. 



		ZTE

		Option 1

Since DL sDCI1 and UL sDCI1 are most probably designed with the same size. Then the same sPDCCH search space for DL assignment and UL grant is beneficial to reduce the number of blind decoding.



		Qualcomm

		We propose to adopt Option 2, i.e., within each RB set, separate search spaces are considered for DL grants and UL grants. The reason for this proposal is as follows: (1) By separating the search spaces for the single DL grant and potentially multiple UL grants within each RB set, their decoding delays are independent. In other words, within each configured RB set, a UE can monitor the DL search space with the specified AL(s), and quickly decode its DL grant if there is any. Note that this brings significant benefits for a UE by reducing its processing delay. Second, by separating the search spaces, the indication of the unused sPDCCH resources becomes quite simple; the UE that receives the DL grant only needs to know the last sCCE index used by all other UL grants. This is something that cannot be done efficiently if the search spaces are the same. As explained before, reducing the sPDCCH overhead is critical in designing the 2-symbol sTTI operation.



		Motorola Mobility, Lenovo

		Option 1 with similar justifications provided by Samsung. 



		KT

		Option 1

Like the same way of LTE(e.g. DCI format 0/1A), if payload size of DL/UL grants is set to same value, it can prevent the increase of additional BDs.



		LG Electronics

		Option 1 can be considered. In this case, the size alignment between DL assignment and UL grant sDCI can also be considered to reduce the number of blind decodes. For the size alignment, it might be necessary to add padding bits for smaller size sDCI. If sDCI size is to be kept as small as possible and thus this size alignment between DL and UL sDCI to larger size between them is not acceptable, option 2 can also be considered.







Question 24: if your choice for Q23 is option 1 (i.e. same sPDCCH search space for DL assignment and UL grant), which option is supported for the sDCI1 payload size for sDCI1 scheduling sPDSCH (i.e. DL assignment) and sDCI1 scheduling sPUSCH (i.e. UL grant)? Please provide the reason(s) for your choice.

· Option 1: Align the payload size of sDCI1 scheduling sPDSCH with the payload size of sDCI1 scheduling sPUSCH 

· Option 2: Padding is not performed if the payload size of sDCI1 scheduling sPDSCH is different with the payload size of sDCI1 scheduling sPUSCH   

		Company

		Views



		Huawei, HiSilicon

		We prefer option 1.

If possible aliging the payload size of sDCI 1 scheduling sPDSCH with the payload size of sDCI 1 scheduling sPUSCH should be supported as much as possible for reduction of blind decoding. 

How to perform the alignment depend on the supported sDCI formats. For example, it is possible that sTTI supports two sDCI1 formats for DL transmission, including one sDCI1 format (sDCI1 format 1) for TM1 and TM2, and another sDCI1 format (sDCI1 format 2) for TM 3, 4, 6, 8, 9 and 10. sDCI1 format 1 can be based on legacy DCI format 1/1A, and sDCI1 format 2 can be based on legacy DCI format 1B/2/2A/2B/2C/2D which contains MIMO related information. For UL transmission, two sDCI1 formats can be supported based on DCI format 0 and DCI format 4 respectively. In this case, the payload size of DL sDCI1 format based on DCI format 1/1A can be aligned with the payload size of UL sDCI1 format based on DCI format 0. The payload size of DL sDCI1 format based on DCI format 1B/2/2A/2B/2C/2D can be aligned with the payload size of UL sDCI1 format based on DCI format 4.



		Panasonic

		Preferably Option 1 if the padding can be usually up to 2 bits. Otherwise Q23 and Q24 should adopt Option 2.



		Samsung

		At this moment, we prefer Option 1.

However, it actually depends on the sDCI sizes for sPDSCH and sPUSCH scheduling. If the number of required zero-padding bits is large, option 2 seems better.



		Nokia, ASB

		Option 1: Align the payload sizes. 



		Ericsson

		We are open to align the payload size of sDCI scheduling sPUSCH and sPDSCH. However, it seems a bit early to give a precise answer as this also depends on the discussion about nr of Tx schemes per TM that RAN1 will agree for sTTI and on how many padding bits are needed to align UL grant sDCI1 and DL assignment sDCI1. 



		Intel

		Strive for Opt.1, but decision is highly depending on the exact DCI format content for each format. 



		ZTE

		Option 1.

It is beneficial for reducing the number of blind decodings. At least one format of DL sDCI1 aligns the payload size with that of one format of UL sDCI1.



		Motorola Mobility, Lenovo

		At least for lower aggregation levels assuming padding is not too much, option 1 is preferred to reduce the number of blind decodes needed for each aggregation level. For higher aggregation levels, resource efficiency vs. number of blind decoding trade-off should be considered, and option 2 may be beneficial.



		KT

		We prefer option 1. Please refer our answer of Q23.



		LG Electronics

		Option 1 can be considered assuming that the padding bit size is not that large. If the padding bit size is large, aggregation level can unnecessarily become large due to the such padding bits. If then, option 2 seems more suitable with search space separation as in our view for Q23.







Question 25: is overlapping allowed for sPDCCH UE-specific search space for different UEs? Please provide the reason(s) for your answer.

		Company

		Views



		Huawei, HiSilicon

		Yes. Sharing UE-specific search space is beneficial. Firstly, it could provide more frequency diversity gain for sPDCCH since wider bandwidth can be configured for different UEs. Secondly, it may reduce the sPDCCH blocking probability since more resource available. Thirdly, it may provide more flexibility for sPDSCH scheduling since indicating the total used sPDCCH reousrce for all UEs is feasible.



		Panasonic

		Yes. It is network configuration issue and can improve the resource utilization. Anyway a UE is not aware of other UE search spaces.



		Samsung

		Yes. If overlapping is not allowed, sPDCCH resource may be significantly wasted. If non-overlapping is needed, this is up to the eNB implementation. 



		Nokia, ASB

		We do not see a reason to prevent overlapping search space for different UEs. Overlapping search space could simplify the sPDCCH reuse signaling. 



		Ericsson

		yes, this flexibility should be given to the eNB to optimize resource efficiency. 



		Intel

		Yes. 



		ZTE

		Yes. For this case, no need to impose restrictions on eNB's scheduling. 



		Qualcomm

		Yes, “within each RB set”, the search spaces assigned for different users are overlapping. This is helpful in terms of effieicntly multiplexing different UEs’ sPDCCH over each RB set.



		Motorola Mobility, Lenovo

		Yes, similar to LTE design principles to acheieve better sPDCCH multiplexing.  



		KT

		Yes.



		LG Electronics

		Yes. It is up to network decision.









Question 26: which option is supported for the candidate starting sCCE positions of an sPDCCH candidate consisting of  consecutive sCCEs in an sPDCCH RB set from cell perspective? Please provide the reason(s) for your choice.

· 







Option 1: an sPDCCH candidate consisting of  consecutive sCCEs may only start on an sCCE fulfilling, where  is the sCCE number and  is the number of sCCEs corresponding to aggregation level  (Similar as PDCCH).

· Option 2: Consecutive mapping of sPDCCH candidates ( with increasing aggregation level) to sCCEs 

· Option 3: None of the above (please provide your detailed proposal if you choose this option)  

		Company

		Views



		Huawei, HiSilicon

		We prefer option 1.

Firstly, it reuses the similar structure for PDCCH and EPDCCH. Secondly, it provides the possibility to reuse the channel estimation results among different sPDCCH candidates for DMRS based sPDCCH. 



		Panasonic

		Option 1. Tree like structure can be reused. On the other hand, different UE would have different starting position of sCCE due to UE-specific randomization.



		Samsung

		Option 1 with the same reasons that Huawei, HiSilicon, and Panasonic provide.



		Nokia, ASB

		 Option 2:  configured starting CCE per AL. 



		Ericsson

		Option 3: our preference is to have a RRC configuration of the starting CCE of sPDCCH candidate for each AL. 



		Intel 

		Opt.1. 



		ZTE

		Option 3.  

Based on the CSS scheme with an offset for part of the ALs.

[bookmark: OLE_LINK1]Considering sPDCCH multiplexing with sPDSCH, the sCCEs are used sequentially in the configured RB set(s) to make sPDSCH use the unused sPDCCH resources conveniently. It is straightforward to use the same start sCCE #0 like CSS for legacy PDCCH (also fulfilling option 1). But this would lead to a high blocking probability. In order to reduce the probability of blocking, a starting sCCE offset could be introduced. However, it would be too difficult to let sPDSCH use the unused sCCEs left by sPDCCH if a flexible offset like USS for legacy PDCCH is introduced.

In order to make a balance between the reduction of blocking probability and an efficient multiplexing of sPDCCH and sPDSCH, one way is to restrict the possible value(s) of the offset. For instance, only two offsets are configured and the two offsets could be a common offset for all UEs or a UE-specific offset. In case of a common offset, one offset can be configured for part of the aggregation levels and one for the others. For UE-specific offset case, the offset for different aggregation levels is configured by RRC or sDCI 2 UE-specifically.

As a result, the sCCEs corresponding to sPDCCH candidate m in the search space are given by















Where , ,  is the total number of sCCEs in the RB set(s).  is the value of starting sCCE offset which can be informed by sDCI2 or RRC, e.g. .



		Qualcomm

		Option 1 is more preferred. This option provides better multiplexing flexibility and a higher resource usage efficiency. We also prefer to consider the same starting position for all the users (i.e., there is no UE-specific randomization.) If UEs have different starting positions, some candidates could be wasted since they are not monitored by other UEs. Hence, some sCCEs could remain unused unnecessarily, which will increase the control overhead. Considering the fact that a given RB set may only be shared across a very few users, allowing for the same starting position should not be an issue.



		Motorola Mobility, Lenovo

		Option 1 similar to LTE design principles.



		KT

		Option 1. Legacy method can be reused for sPDCCH. By this sCCE arrangement, eNB or UEs may exploit sCCE-related information. For example, it is possible that sPUCCH A/N resource would be allocated referring first sCCE index of sPDCCH per UE like as legacy PUCCH format 1.



		LG Electronics

		Option 1. We can simply reuse the similar structure for (E)PDCCH.







Question 27: which option is supported for the starting Scce index of an Spdcch seach space at aggregation level  (i.e. the starting Scce index of the first Spdcch candidate at aggregation level ) from UE perspective? Please provide the reason(s) for your choice.

· Option 1: determined by hashing function.

· Option 2: configured by higher layer signaling    

· Option 3: predefined by specification (e.g. Scce 0)  

· Option 4: None of the above (please provide your detailed proposal if you choose this option)

		Company

		Views



		Huawei, HiSilicon

		We slightly prefer option 2 or operation 3.

Firstly, it may be easier for unused Spdcch resource indication by setting the same starting Scce index for different UEs.

Secondly, it can be expected that the number of Stti UEs in an Stti is not that much, therefore seems it is not that necessary for interference randomization. 

Thirdly, frequency scheduling gain might be achieved by different RB sets. 



		Samsung

		We prefer Option 1.

It is because RNTI can be enough for randomization.



		Nokia, ASB

		Option 2 configured together with RB-set and starting offset explicitely configured for each AL



		Ericsson

		Option 2 to give the flexibility to the Enb to control the position of the Spdcch candidates of different UEs.



		Intel

		Opt.3. We can be open to discuss the motivation of Opt.2. So far, it is not clear but results in signaling overhead. 



		ZTE

		Option 2 (by RRC) or option 4(by sDCI2)

Based on CSS scheme with an offset for part of the ALs. Details please find in our answer for Q26.



		Qualcomm

		We prefer Option 3 with the following addition: the sCCEs indices are mapped to the physical sCCE via a hashing function. The UEs then examine the sPDCCH hypotheses based on the sCCE ordering, e.g., the smallest sCCE index (i.e., 0) is the starting point for monitoring the DL grants, and largest sCCE index is the starting point for monitoring the UL grants. The hashing function is the same for all the users such that the starting locations are all identical. The hashing function could be dependent on the sTTI index such that the ordering is not always the same. This would help with providing diversity gain.



		Motorola Mobility, Lenovo

		Option 1 or option 2 as a function of sTTI/slot index within a subframe. 

Among different sTTIs of a subframe, the sets to be monitored in each sTTI can change with sTTI index within the subframe to provide more flexible sPDCCH scheduling.



		LG Electronics

		Option 1. We can simply reuse the similar structure for (E)PDCCH.







Question 28: which option is supported for the structure of Spdcch search spaces at different aggregation levels for a UE supporting Stti operation? Please provide the reason(s) for your choice.

· Option 1: Hierachical Spdcch search space structure (e.g. sCCEs corresponding to Spdcch candidates of a higher AL contains the sCCEs corresponding to Spdcch candidates of a lower AL)

· Option 2: No overlap between the sCCEs corresponding to Spdcch candidates of a higher AL and the sCCEs corresponding to Spdcch candidates of a lower AL    

· Option 3: No fixed relationship among the sCCEs corresponding to Spdcch candidates at different aggregation levels

· Option 4: None of the above (please provide your detailed proposal if you choose this option)   

		Company

		Views



		Huawei, HiSilicon

		We slightly prefer option 1 or option 3.

Option 1 could provide the possibility to reuse the channel estimation results among different Spdcch candidates for DMRS based Spdcch. And option 1 may be also easier for unsued Spdcch resource indication, e.g. may just indicate the last used Scce. However, it is possible the blockding probability is higher than other options. 

Option 3 could provide lower blocking probability compared to option 1 and reuses similar scheme as that for PDCCH and EPDCCH. 

Option 2 may depend on the RB allocation for Spdcch RB set. For some RB allocation, it is possible that option 2 is equal to option 1 or option 3. 



		Samsung

		We prefer Option 1 to reuse channel estimation results.



		Nokia, ASB

		Option 3, because the relationship is depedent on configuration of AL-specific starting points, see Q27.



		Ericsson

		This has some dependency with the Spdcch/data multiplexing scheme and the number of blind decodes discussion. Our preference is option 3 to enable efficient usage of unused Spdcch resources for Spdsch of the same or a different UE at limited nr of blind decodes.



		ZTE

		Option 3

Based on CSS scheme with an offset for part of the ALs. Details please find in our answer for Q26.



		Qualcomm

		Option 1 is preferable in terms of effcieintly multiplexing different UEs’s control grants and more importantly claming the uniused control resources with a small number of bits.  



		LG Electronics

		We slightly prefer option 3. Option 1 can be considered for search space of DMRS-based sPDCCH since the channel estimation can be shared among different sPDCCH candidates.







Question 29: How to determine the sCCEs corresponding to sPDCCH candidate  of the sPDCCH search space at aggregation level , where  and  is the number of sPDCCH candidates to monitor at aggregation level ? Please provide your detailed proposal (e.g. detailed formula if any).

		Company

		Views



		Huawei, HiSilicon

		The following options can be considered:

Option 1 (Similar as PDCCH): The sCCEs corresponding to sPDCCH candidate  of the sPDCCH search space at aggregation level  are given by



Option 2 (Similar as EPDCCH): The sCCEs corresponding to sPDCCH candidate  of the sPDCCH search space at aggregation level  are given by



Option 3: The sCCEs corresponding to sPDCCH candidate  of the sPDCCH search space at aggregation level  are given by



Where  is the sCCE index of the first sPDCCH candidate for a search space at aggregation level , and  is equal to 0 or configured by RRC signaling. 



		Samsung

		With the assumption to use time-first mapping of sREG-to-sCCE mapping, sPDCCH search space can be given similar to EPDCCH search space for hierachical sPDCCH search space structure, where the offset of sCCE index can be configured by RRC signaling.



		Nokia, ASB

		 The candidates of single AL are mapped consecutivelly with increasing index m. 



		Ericsson

		The starting sCCE of sPDCCH candidates of a given AL are RRC configured. A sPDCCH candidate is built of consecutive sCCEs. 



		Intel 

		The sPDCCH candidates is formed by consective sCCEs, similar like PDCCH. 



		ZTE

		The sCCEs corresponding to sPDCCH candidate m in the search space are given by















Where , ,  is the total number of sCCEs in the RB set(s).  is the value of starting sCCE offset which can be informed by sDCI2 or RRC, e.g. .



		Qualcomm

		The sCCE index indicating the starting location of the search space is the same across all users. Also, a hierarchical mapping is used such that the candidates of smaller ALs are fully contained within the candidates of larger ALs.







Question 30: are there any other considerations you would like to share on Spdcch search space?

		Company

		Views



		ZTE

		sPDCCH search space design should make a balance between the reduction of blocking probability and an efficient multiplexing of sPDCCH and sPDSCH.



		Qualcomm

		It is worth emphasizing that reducing the control overhead by (1) considering small sDCI payload sizes, and (2) reclaiming the unused sPDCCH resources “within each RB set” should be the focus of the sTTI control design. As shown during the SI, a large control overhead makes this feature unattractive.



		

		



		

		



		

		







PDCCH search space design for Sdci and DCI 

If the starting symbol index of the first potential Spdsch is 2 or 3 and for Stti 0, it can be expected that Sdci1 that would be transmitted in PDCCH region is the Sdci1 scheduling Spusch. If the starting symbol index of the first potential Spdsch is 1, whether Sdci1 scheduling Spdsch/Spusch would be transmitted in PDCCH region and/or Spdcch region is still under discussion. If Sdci1 is transmitted in Spdcch region, then the Spdcch search space design in section 2 can be applied. Thus this section mainly focuses on search space design for Sdci1 and DCI in legacy PDCCH region. Note that if Sdci2 is supported for Stti, FFS whether additional design is needed for search space for Sdci2 in legacy PDCCH region.       



Question 1: if an Sdci1 scheduling Spdsch/Spusch is transmitted in legacy PDCCH region, which option is supported for the PDCCH search space for monitoring Sdci1? Please provide the reason(s) for your choice. 

· Option 1: The PDCCH search space for monitoring Sdci1 is a subset of the PDCCH search space for monitoring DCI (i.e. DCI for 1ms TTI) in PDCCH USS 

· Option 2: PDCCH candidates in PDCCH USS is split into two parts with one part for monitoring Sdci1 and the other part for monitoring DCI (i.e. DCI for 1ms TTI).

· Option 3: None of the above (please provide your detailed proposal if you choose this option)

		Company

		Views



		Huawei, HiSilicon

		We prefer option 1. 

To reduce processing time effectively, current PDCCH search space should be shrunk largely for Sdci. Therefore the search space for Sdci can be just a part of the search space for monitoring 1ms DCI. The number of PDCCH candidates can be configured by Enb adaptively. 

Note that to reduce the PDCCH blocking for short TTI, PDCCH for Sdci should be scheduled with higher prioritization. In addition, separate detection of Sdci and 1ms DCI can be performed, which can avoid impact on the performance for 1ms DCI. For example, UE can monitor Sdci using the CRS transmitted in the first one or first two symbols in legacy PDCCH region for lower latency, while UE can monitor 1ms DCI using the CRS transmitted in the fifth symbol besides the first one and two symbols for better performance.



		Samsung

		At this moment, we prefer Option 1.

The number of search space of 1 ms TTI should not be affected whether to support Stti operations. The blocking probability may increase for 1ms TTI operation.



		Nokia, ASB

		Option1 – as the disadvantage of Option 2 is that we would loose DCI candidates for 1ms TTI operation. 



		Ericsson

		Slight preference for option 1 as it enables to set independently the sizes of the Sdci and DCI search space on PDCCH.



		Intel

		Opt.1 



		ZTE

		Option 1.

[bookmark: OLE_LINK7][bookmark: OLE_LINK8]In order to reduce processing delay for sTTI on blind decoding, blind decoding attempts of PDCCH(sDCI for sTTI) should be limited. It is benefical to process the DL sTTI after PDCCH region as soon as possible. Part of legacy PDCCH USS (with reduced aggregation levels and/or candidates) can be indicated by RRC or sDCI 2. If the size of sDCI 1 can be equal to DCI(e.g. format 0/1A) , option 2 will increase the number of blind decoding.



		Qualcomm

		We prefer Option 2. The reason is that under this option, by reducing the number of legacy candidates per AL, the total number of BDs (sTTI BDs + 1ms TTI BDs) can be kept smaller than the number of BDs under Option 1. Under Option 1, the UE has to monitor the sDCI candidates in addition to “all the legacy candidates”.  



		LG Electronics

		The PDCCH search space for monitoring sDCI1 can be determined depending on the sDCI size. If the size alignment between DCI and sDCI1 is supported, option 1 can be considered. Otherwise, option 2 can be considered.







Question 2: if a UE is configured with sTTI operation on a serving cell, is it mandatory for the serving cell to be configured with the higher layer parameter pdcch-candidateReductions for PDCCH USS for monitoring 1ms DCI? Please provide the reason(s) for your answer. 

		Company

		Views



		Huawei, HiSilicon

		We slightly prefer that it is mandatory.



To avoid additional UE capability requirement, it is better to keep the total maximum number of PDCCH blind decodes (BDs) and sPDCCH BDs at least in the first slot in a subframe almost the same as before or slightly larger than before. Therefore, if a UE needs to monitor sDCI, it has to reduce the PDCCH candidates for 1ms DCI.





		Panasonic

		There is no need to mandate the cell to have such a configuration.



		Samsung

		No.

An sTTI UE anyway consider the worst case for processing time line. Therefore, unless the specification restricts the maximum number of BDs for 1ms TTI for sTTI UEs, higher layer parameter pdcch-candidateReductions will not be effective.



		Nokia, ASB

		We don’t think that there is any relation between the DCI and sDCI candidates here – and therefore do not think such mandatory reduction of DCI candidates would be needed. 



		Ericsson

		The PDCCH USS monitoring for 1ms DCI could be part of a nr of blind decodes per subframe budget for UEs configured with sTTI. It would be preferable to leave the eNB the flexibility to distribute the nr of blind decodes per subframe over the PDCCH candidates for both 1ms TTI DCI and sDCI and over the sPDCCH candidates in the subframe.



		Intel 

		We do not think it should be put as “mandatory” to enforce eNB implementation. In our view, eNB can do that subject to UE capability to distribute the BDAs across PDCCH and sPDCCHs. Some clarification or consideration may be needed regarding whether the total BDAs of sPDCCH in PDCCH region is same as other of sPDCCHs in legacy data region.  



		ZTE

		Yes.

When a UE is worked in short TTI mode, it has less possibility to transmit the traffic used legacy PDSCH simultaneously. So a smaller number of candidates for PDCCH would be enough for a UE worked in short TTI mode.



		LG Electronics

		We do not see a strong motivation to mandate the serving cell to have such a configuration.







Question 3: if a UE is configured with the higher layer parameter pdcch-candidateReductions for a PDCCH UE specific search space at aggregation level L for a serving cell, is it applied to both the PDCCH UE specific search space for monitoring 1ms DCI and the PDCCH UE specific search space for monitoring sDCI1? Please provide the reason(s) for your answer. 

		Company

		Views



		Huawei, HiSilicon

		We slightly prefer that it is applied to both.

As our answer to Q1 in this section, search space for sDCI is part of search space for 1ms DCI. Therefore, the parameter should be applied to both sDCI and DCI monitoring. 



		Nokia, ASB

		The reduction is only applied to the DCI candidates but not to the sDCI candidates (which are to be configured anyhow separately).



		Ericsson

		This parameter can be applied to both sDCI and 1ms TTI DCI. It can set the baseline reduction of the search space on PDCCH. Another parameter is needed to define the sDCI search space and potentially (if option 2 of Q1 is chosen) also the further reduced 1ms TTI DCI search space.



		Intel

		Our slight preference is to be applied sepately as they are configured by RRC signaling and signaling overhead should not be a real concern. 



		ZTE

		Yes.

For the UE worked in short TTI mode, combined the answer of Q1 and Q2, both sDCI and DCI can be carried in part of the legacy PDCCH USS.



		Qualcomm

		The number of candidates per AL can be reduced for the 1ms legacy operation to accommodate the additional BDs needed for obtaining the sTTI DL/UL grants. At the same time, the number of sDCI candidates may need to be reduced (as compared to that of the other sTTIs) in order to make sure that the total number of BDs per sTTI per CC is the same across all sTTIs.







Question 4: if your choice for Q1 is option 1, please provide your detailed proposal on how to determine the PDCCH candidates for monitoring Sdci1? 

		Company

		Views



		Huawei, HiSilicon

		Firtly, UE would determine the aggregation level(s) and the corresponding number of Spdcch candidates to be monitored for Sdci according to higher layer signaling. 

Then UE would determine the PDCCH candidates for monitoring Sdci using the existing PDCCH related mechanism first. And then the UE further determines that the first  PDCCH candidates are the ones for Sdci transmission. 



		Samsung

		An Stti UE is configured with Als to monitor, with M^(L)_Stti.

Then, the Stti UE assumes that the first M^(L)_Stti PDCCH candidates out of all PDCCH candidates for 1ms TTI can deliever Sdci. 



		Nokia, ASB

		Use the first candidates of the AL. As an example if we have 8 AL=1 candidates for DCI and 4 AL=1 candidates for Sdci1, m=0…3 is to be monitored for Sdci1 – and m=0..7 for DCI. 



		Ericsson

		A parameter similar to pdcch-candidateReductions could be introduced to identify the PDCCH candidates for Sdci1 among the available PDCCH candidates.



		ZTE

		Part of the legacy PDCCH USS (with reduced aggregation levels and/or candidates) can be indicated by RRC or sDCI 2.



		

		







Question 5: if your choice for Q1 is option 2, please provide your detailed proposal on how to determine the PDCCH candidates for monitoring sDCI1? 

		Company

		Views



		Qualcomm

		The number of ALs and candidates per AL are indicated via a higher layer signaling. A separate UE-specific RNTI can be introduced and used to point to the starting location of the sDCI search space.



		

		



		

		



		

		







Question 6: are there any other considerations you would like to share on PDCCH search space for sDCI and DCI in legacy PDCCH region?

		Company

		Views



		ZTE

		Proposal: When DL sTTI #0 is fully occupied by PDCCH, DL sDCI1 in PDCCH can be used to schedule the sPDSCH in DL sTTI #1 for 2/3-OS sTTI.

For sPDSCH in sTTI #1, it could be scheduled by DL sDCI in sPDCCH in the same sTTI (Alt1). And, we also see some benefits if it is scheduled by DL sDCI1 in PDCCH (Alt2). Firstly, the latency is lower for Alt 2. Secondly, if DL sDCI1 for sPDSCH in sTTI #1 are all transmitted in PDCCH, resource efficiency can be improved since more unused sPDCCH resource in sTTI #1 can be used for sPDSCH in sTTI #1. 

Alt1 and Alt2 can be RRC configured or indicated in sDCI 2. 



		

		



		

		



		

		







are there any other considerations you would like to share on search space design for sTTI operation?

		Company

		Views



		

		



		

		



		

		



		

		







Conclusion

TBA.
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