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Introduction
Several aspects of the group-common PDCCH were discussed at the RAN1 #89 meeting. Relevant agreements from RAN1 #89 include:
Agreements:
· The SFI transmitted in a group-common PDCCH can indicate the slot format related information for one or more slots
· The slot format related information informs the UEs of the number of slots and the slot format(s) related information of those slots
· FFS: how to interpret the SFI when the UE is configured with multiple bandwidth parts
· FFS: details for UE behaviour
· FFS: A UE may be configured to monitor for at most one group-common PDCCH carrying slot format related information (SFI) in a slot
· In ‘Slot format related information’, ‘other’ is at least:
· ‘Unknown’
· UE shall not assume anything for the symbol with ‘Unknown’ by this information
· FFS: UE behavior when the UE receives the information for the symbol from SFI and broadcast DCI and/or UE-specific DCI and/or semi-static signaling/configuration
· FFS: ‘Empty’
· UEs can use this resource for interference measurement
· UE may assume there is no transmission

During offline discussions it was deemed productive to conduct an email discussion to capture participating companies’ views and strive for consensus and/or common understanding on the following aspects:
· Left-over FFSs regarding SFI including:
· FFS: ‘Empty’
· FFS: UE behavior when the UE receives the information for the symbol from SFI and broadcast DCI and/or UE-specific DCI and/or semi-static signaling/configuration
· Contents
· What should be informed?
· Structure
· CCE re-use or completely reuse PDCCH?
· Type
· Depending on contents, different group-common PDCCH?
· UE behaviour
· Search space
· Relation with common search space?


Summary of the discussion
Twenty companies participated in this email discussion. In this section we provide a summary of the email discussion and also offer our (moderator) proposal on how to move forward on each question.

Q1: Please provide your views on the benefits/necessity, or otherwise, of designating one or more symbols of a slot as ‘Empty'.

Summary: from the responses, a clear majority of companies do not see the benefits of indicating ‘Empty’ symbols for the purpose of interference measurement given that a UE is configured with IMR resources. One company would like to clarify the definition of ‘Empty’. Another company raised the issue of how to indicate a gap period. In our view indication of a gap period may be related to the actual form of the SFI (e.g. a table of entries to indicate different combinations of symbol designations) and can be discussed separately. 
Proposal: a symbol designation of ‘Empty’ is not needed for the slot format information (SFI). 

Q2: please provide your views on additional information fields (content) for the group-common PDCCH. Secondly, indicate whether or not the proposed information fields are monitored in the same manner as the SFI. 
Summary: up to 14 information fields are proposed for the group-common PDCCH. These fields include:
· Reserved field
· Pre-emption indication
· Reduction of blind decodes
· Start/ending data symbols
· Resource sharing between PDCCH and PDSCH 
· Activation/deactivation of SRS/CSI resources
· Activation/deactivation of PRACH resources
· Group UL HARQ-ACK
· Group power control
· CORESET duration
· Indication of SR resources
· Indication of beam pair link (BPL) monitoring
· BW part activation/deactivation
· Update of grant-free configuration parameters
Many companies observe that most of these information fields should not be multiplexed with the SFI. Four companies propose to make the information fields in the group-common PDCCH configurable in addition to the SFI. A few companies prefer not to add any more information fields on top of SFI. A reserved field was mentioned early on for forward compatibility. It was also mentioned to classify group-common information into different categories. 
Proposal: down-select at this meeting from the following options
1. Option 1: only SFI is contained in a given group-common PDCCH. Support some reserved  bits (or entries in a table) for forward compatibility
2. Option 2: additional fields in group-common PDCCH are configurable. 
a. FFS how many fields can be configured taking into account the payload size.
3. Option 3: classify different types of group-common PDCCHs and determine which additional fields, if any, are included in the group-common PDCCH carrying SFI

Q3: For the case where a group-common PDCCH provides SFI for multiple slots what is the UE behavior if additional information fields are carried in the same group-common PDCCH?
Summary: mixed responses were received. Companies that feel the SFI should be carried in a dedicated group-common PDCCH do not see a need for other information types. Some companies feel that if other information types are present, they should apply to the same number of slots as the SFI. Yet other companies feel that the contents, transmission periodicity are configurable by the network.  
Conclusion: first decide on whether or not to support additional contents in the group-common PDCCH carrying SFI.


Q4: based on your previous response on contents, is it better to classify different types of group-common PDCCH depending on contents and/or monitoring pattern?

Summary: responses were mixed. Some see classification as necessary in order to progress on the need, or lack thereof, for introducing additional fields into the group-common PDCCH carrying SFI. Others feel that this is not necessary. Based on the responses, we have the following proposal:
Proposal: Three types of common control signaling are present in NR
· Case 1: common control signaling for SIBs, paging, random access
· Case 2: group-common control carried in DCI formats for e.g. group power control, 
· Case 3: group common PDCCH carrying SFI
· If full NR-PDCCH structure is reused including channel coding, Case 3 is same as Case 2
· Otherwise if at least different channel coding is used Case 3 is distinct from Case 2 

Q5: based on your two previous responses what channel structure is appropriate for the group-common PDCCH? Two possibilities are a separate channel structure mapped to physical resources that consume an integer multiple of CCEs, or a complete reuse of the NR-PDCCH structure. For the latter case, please provide your understanding of complete reuse of NR-PDCCH structure.  

Summary: a majority of companies (13) prefer to reuse the entire NR-PDCCH structure including channel coding. A substantial minority (7) prefers to first agree on the payload size and if small enough, to consider at least a different channel coding structure. There is wide consensus that in either case the mapping to physical resources should be similar to the NR-PDCCH to facilitate multiplexing of GC-PDCCH with NR-PDCCH.
Proposal: The mapping to physical resources for the group-common PDCCH carrying SFI is similar to DCI-formats carried on the NR-PDCCH including a assize consisting of an integer multiple of CCEs, CCE-to-REG mapping, DMRS pattern and location. 

Q6: as a consequence of your views in Q3 – Q5, what is the relationship between a search space for monitoring the group-common PDCCH and the more traditional common search space for monitoring candidates scheduling common control information?  

Summary: many companies see that there is not necessarily a relationship between the two as the CORESET for the group-common PDCCH and its associated search space can be configured independently from the more traditional concept of a search space for monitoring for other common control signaling. Other companies feel that the same search space could be used for both types of control information possibly with restrictions in number of candidates and location (e.g. first symbol of the slot). The following proposal attempts to harmonize these not so different views.
Proposal: the CORESET and the associated search space for monitoring for the group common PDCCH carrying SFI can be configured independently of the search space for monitoring other types of common control signaling.

Q7: what is the UE assumption on symbol types when the UE is not configured to monitor for the group-common PDCCH carrying SFI? 

Summary: there was consensus that the UE should follow (or process) signals at least based on higher layer signaling e.g. configuration of periodic resources. It was also seen that the physical layer signaling in DCI could instruct the UE what to do for a given slot. Some companies also discussed priority handling between higher layer and physical layer signaling but this can be separately discussed as it is not really within the scope of UE behavior for group-common PDCCH.
Proposal: If a UE is not configured to monitor for the group-common PDCCH carrying SFI for a given slot, the UE processes symbols in the slot as indicated by higher layer signaling or DCI.

Q8: Is the UE behavior for the scenario where a UE is not configured to monitor for a group-common PDCCH carrying SFI, and the scenario where a UE is configured to monitor for a group-common PDCCH carrying SFI but does not detect a group-common PDCCH carrying SFI for a given slot(s)? If not, please explain
Summary: There is an almost equal split between companies that believe the behavior is the same and those that believe the UE behavior is different. For the latter group of companies three clear proposals were identified, namely:
1. Rule 1: Define a fallback behavior  
2. Rule 2: Follow higher layer configured UL/DL transmission direction (if given) and monitor for DCI
3. Rule 3: Set the symbols to Unknown but monitor for DCI
It can be observed that the fallback behavior can be one of the other two. Rule 2 is different from the behavior when the UE is not configured to monitor for the group-common PDCCH only in that here the UE does not process symbols according to semi-statically configured resources such as periodic CSI or SRS. In this sense it is quite similar to Rule 3.
Proposal: if a UE is configured to monitor for the group-common PDCCH carrying SFI but does not detect the SFI for a given slot, the UE follows the UL/DL transmission direction, if available from higher layer signaling, and monitors for DCI.

Q9: what should be the UE behavior or what signaling takes precedence in case of a conflict in the indicated symbol type received from SFI in group-common PDCCH, other broadcast DCI, UE-specific DCI and/or semi-static signaling/configuration.

Summary: there was a wide variety in the prioritization rules proposed by different companies as shown below

	Scenario
	UE behavior

	SFI conflict with other DCI
	SFI and DCI from an earlier slot
	SFI: SS, QC, DCM
Error case: Nok, CATT, LGE, Sony, MotM/Len, E///, Shp, MTK, CMCC

	
	SFI and DCI in same slot
	DCI: Panasonic, Int, QC
SFI: SS, CMCC
Error case: Nok, CATT, LGE, Sony, MotM/Len, E///, Shp, MTK, CMCC

	
	SFI and DCI in a later slot
	DCI: SS, QC, DCM
Error case: Nok, CATT, LGE, Sony, MotM/Len, E///, Shp, MTK


	
	Unknown in SFI and DCI
	DCI can overwrite Unknown in SFI: LGE, HW, CATT

	SFI conflict with higher layer signaling
	Conflict with P-CSI/SRS/SS block
	SFI: Oppo, Xmi, Shp, Int, QC, MTK
Solve by NW: CATT

	
	Conflict with RRC signaled UL/DL transmission direction 
	SFI: Oppo, Xmi, Shp, Int, QC
RRC: CMCC, DCM
Error case: HW, CMCC, E///, MTK




Conclusion: more discussion is needed to converge on an agreeable set of prioritization rules.


Other topics: 
It was mentioned by one company to discuss down-selection 	of the scope of SFI indication from the following options:
1. On a per component carrier basis
2. On a per numerology basis
3. On a per bandwidth part basis

It is also necessary to discuss the exact form of the SFI such as whether to introduce a table where each entry indicates a given combination of at least DL/UL/Unknown symbols for one or more slots.

Proposal: further discussion on these two topics during this meeting.


Discussion
Remaining details of SFI
Q1: Please provide your views on the benefits/necessity, or otherwise, of designating one or more symbols of a slot as ‘Empty'.

	Company
	View

	Panasonic
	We don't identify the need of 'Empty' in SFI.
Note that our view is 'unknown' field is neither reception nor transmission except it is signaled by the other mean i.e. UE specific DCI. 'Unknown' field can be DL or UL by specific DCI. 
UE rate matching for PDSCH/PUSCH is realized by the final understanding of DL or UL symbol/resource. If UE's understanding of certain symbol is 'unknown', this symbol is empty from this UE's transmission/reception perspective.
Interference measurement resource can be realized by ZP-CSI-RS. If ZP-CSI-RS requires one (or more) full symbol as empty (instead of certain REs), this is signaled as ZP-CSI-RS and it can be signaled on group common PDCCH (or UE specific DCI, RRC) but not SFI.

	CATT
	The main proposed benefit is interference measurement but it was also agreed at RAN1 #88bis that aperiodic IMR is triggered by DCI. Thus, indicating a symbol as ‘Empty’ seems to be duplication of existing functionality and is not needed.

	NTT DOCOMO
	We don’t see a strong benefit/use-case of designating one or more symbols of a slot as ‘Empty'.

	OPPO
	We also do not see a strong motivation to introduce “Empty” in SFI providing the fact that RAN1 #88bis already introduced aperiodic IMP mechanism which could provide a more complete and flexible way for doing that. 

	Samsung
	NW should not be prohibited from configuring indication of empty symbols by GC-PDCCH. Both scheduled and non-scheduled UEs should be aware of IMR resources. Overhead is too large if only, often very few, scheduled UEs can benefit. There may even not be any scheduled UEs in some slots (IMR can then be dynamically configured).

	InterDigital
	We think there is no need to define empty symbols for interference estimation. Practically, ZP-CSI-RS or IMR can be used for this purpose similar to LTE.

	vivo
	We do not see the strong need to indicate “empty” symbols by SFI. 

	Xiaomi
	No need to have “empty” state

	Nokia, ASB
	We do not see the need to introduce ‘empty’ state in SFI.

	LG Electronics
	So far it has been identified to utilize ‘Empty’ resources for interference measurement. In our view, IMR can be effectively used for the same purpose, and we do not see additional motivation of having another group-common IMR resource indication in SFI.

	MediaTek
	Empty resources can be used for forward compatibility.

	Sony
	It is unclear that there is a benefit of Empty-slot-based interference measurement. We thinkthe decision on whether “Empty” can be included in SFI depends on whether “Empty” provides any benefit over the use of ZP CSI-RS.

	Sharp
	We do not see the strong need to introduce ‘Empty’. Interference measurement can be done with IMR resources.

	Apple
	We agreed to use ZP CSI-RS for interference measurement. At this point in time, we don’t see clear benefit of having additional resource for interference measurement.

	Motorola Mobility, Lenovo
	We do not see the need to include ‘empty’ in the SFI. CSI-IM can be used for interference measurement.  

	Intel
	We don’t see the need to define “Empty” symbols. Interference measurement can be possible via proper configuration of IMRs for appropriate interference hypotheses. Most other use cases can be realized via the indication of “unknown” symbols, and guard period can be determined based on UE’s understanding of the relative locations of consecutive DL and UL symbols.

	CMCC
	We don’t see the strong need of designating one or more symbols of a slot as ‘Empty'. Interference measurement could be achieved by IMR, and forward compatibility could be achieved by ‘Unknown’ resources.

	Ericsson
	We see benefits with introducing this field.
Currently, the ‘Slot related information’ field may have the following values : ‘Unknown’, ‘DL’;’UL’.
One of the main motivations was to enable micro power saving for the UE. If it happens that there is no transmission (which means the there is no transmission assigned for those group of UEs being addressed in GC-PDCCH), those UEs can as well use this information for micro-sleep if they choose to.
Another use case is to measure the interference from other cells. Again, the same principle: although this can be realized by ZP-CSI or IMP resources, but if there is an additional possibility, it would be useful to let the UE know about that such that the UE can benefit.

	Qualcomm
	Main issue is what will be indicated to the UE for the symbol corresponding to the gap or the symbols not in use. Will this be ‘DL’, ‘UL’ or ‘unknown’. Our view is that it does not belong to any of those. Clearly it is different from ‘DL’ and ‘UL’. If it is indicated as ‘unknown’, it defeats the purpose of introducing ‘unknown’ which is intended for future compatibility. Note that ‘empty’ is different from that UE shall not assume anything for the symbol. Therefore, it is our view that NW needs to differentiate ‘empty’ symbols from ‘DL’, ‘UL’ or ‘unknown’, regardless of whether to use ‘empty’ for interference measurement. It is needed to make already defined ‘DL’, ‘UL’ and ‘unknown’ field functional.

	AT&T
	 Ewe didn’t find the usefulness of this field. We need to minimize the possible combinations.

	Huawei
	We prefer to clarify the definition of ‘empty’ first.




Contents of the group-common PDCCH
Additional information fields have been proposed for the group-common PDCCH. While these information types may be group-common it is not clear whether all of them should be contained in the same group-common PDCCH carrying SFI.
Q2: please provide your views on additional information fields (content) for the group-common PDCCH. Secondly, indicate whether or not the proposed information fields are monitored in the same manner as the SFI. 
	Company
	View

	Panasonic 
	Following information is indicated.
- The index value of the resource usage table where the table is semi-statically configured. The table is SIB configured as the initial set. The table can be overwritten by dedicated RRC. The table has 8 or 16 entries. Each entry has
- The time/frequency resource reservation pattern at the start of the slot used for CORESET(s).
- The number of DL symbols counted from the beginning of a slot. 
- The number of UL symbols counted from the end of a slot.
- The time/frequency resource reservation pattern at the end of the slot used for short PUCCH and/or SRS.
- If this entry indicates multiple slots operation, the number of slots is indicated and the value corresponding to above information in each slot.
The symbol neither DL nor UL is 'unknown'. Above means SFI is jointly encoded within resource usage table. 
Example is illustrated as following.


GP (DL to UL switching period) is realized in 'unknown'. GP is UE specific timing.

Following information can be mapped over group-common PDCCH but separate bit-field is used for each information. Which one is used is semi-statically configurable.
- Power control command like TPC 3/3A
- HARQ ACK/NACK corresponds to PUSCH
- Blind detection reduction information over future multiple slots corresponds to traffic situation.
- Activation/deactivation of periodic transmission of SRS/CSI. 
- Activation/deactivation of PRACH resource.
- Pre-emption resource indication in CBG discussion.

Note that group common PDCCH for the scheduling of PDSCH corresponds to SIBs/paging/random access response are named as ''PDCCH for scheduling group common PDSCH''.


	CATT
	The group-common PDCCH carrying SFI should be dedicated to this purpose. Since it was agreed at RAN1 #NR_AH1 that a UE will have the possibility to determine whether some blind decodes can be skipped based on information in the this GC-PDCCH, some simple solutions can be supported either implicitly or with an explicit field. Other types of common information can be supported in other DCI formats.

	NTT DOCOMO
	Following additional information fields can be delivered in group-common PDCCH:
· Resource indication for a scheduled data especially when the data is cross-slot scheduled while GC-PDCCH is monitored at the scheduled slot (later than the scheduling slot)
· E.g., starting position and duration
· E.g., resource blanking at the middle of a transmission (similar to preemption indication)
· L1 signaling for UL grant-free transmission
· ACK 
· TPC command
Since different use-case require different set of contents, it is better to make the contents delivered in group-common PDCCH being configurable independently.

	OPPO
	We shared the similar view as CATT that it may be more appropriate to limit the content of group common PDCCH that used to carry SFI as that is the most important GC signal that has been discussed so far. For other potential GC information, we need to further discuss their necessity and if needed, transmit them in other GC-PDCCH(s) which may have different configuration as the GC-PDCCH carrying SFI such as monitoring occasions. That could avoid the delay of specification of GC-PDCCH for SFI and also provide potential room for more GC signals in the future if needed. 

	Samsung
	The contents are configurable and up to the NW’s choice. In addition to SFI (UL/DL/unknown/empty) and indication for reduction of blind decoding operation, NW should be capable of indicating preempted resources, PDSCH/PUSCH start/end symbols in different parts of the BW, and CSI-RS configurations using GC-PDCCH.  

	InterDigital
	Other than SFI, depending on our definition of group-common PDCCH, we think at least the following content can potentially be carried on the group-common PDCCH:
•	DL preemption indication for the previous slot
•	DL Acknowledgment related to the UL data transmissions
However, not all group-common DCI needs to be monitored in the same manner as SFI. We may define two types of group-common DCI depending on payload size which are monitored differently (and perhaps with different periodicity). 

	vivo
	The group-common PDCCH carrying SFI should be compact enough to guarantee the reliability of SFI information. Other important information can be included in the DCI carrying SFI if only small number of bits required. One example could be the “CORESET monitoring time duration”. 
Other type of group common information, e.g. TPC are carried in separate group common DCI.

	Xiaomi
	We think the GC-PDCCH should be dedicated to indicate the SFI. The payload is the main concern as the symbol level granularity indication and cross slots indication are supported. Other information can be delivered using other PDCCHs that serves for common control purpose

	Nokia, ASB
	So far SFI has been identified as the most important information to be carried in the GC-PDCCH, and we think the size of GC-PDCCH carrying SFI should be kept small to ensure reliability. Most of the other content candidates for GC-PDCCH under discussion are either not considered as critical for basic system operation, or for some specific use cases. So in our view, if any other contents are agreed, it would be better to use a different GC-PDCCH from the one carrying SFI.

	LG Electronics
	For the additional information of group-common PDCCH, we can consider followed contents
- TPC
- puncturing indication for eMBB/URLLC multiplexing
Our general preference is to have separate PDCCH between GC PDCCH carrying SFI and other information. For example, the number of blind decoding candidates for GC PDCCH carrying SFI can be smaller than that of GC PDCCH carrying other information. Also, GC PDCCH carrying other information can be present only if there is a need (e.g., need to update power or puncturing occurs).

	MediaTek
	In addition to slot related information, following information can be signaled in group common PDCCH.
· Puncture information (for URLLC) 
· Resource allocation of all PDCCHs (for resource sharing between PDCCH and PDSCH)

	Sony
	We think the GC-PDCCH can be used to indicate for various purposes including future release. The following information can be indicated by the GC-PDCCH.
· Reduction information of candidates for PDCCH blind decoding
· Pre-emption indication
· Update information of transmission parameter for UL grant-free
The additional information fields can be transmitted in a GC-PDCCH that is different to the one used for SFI indication

	Sharp
	We think slot format configuration for a given slot should ne flexible enough. For example, flexible configuration of  ‘Unknown’ symbol(s) within a slot provides efficient co-existence with LTE and/or future release NR systems. Moreover, a group-common PDCCH should be able to indicate SFI for multiple slots. Therefore, the DCI format with SFI does not have much room to carry additional information. Only small-size information such as blind detection reduction related information can be considered.

	Apple
	We think group-common PDCCH should carry controlindication signaling the presence/absence of PDCCH to help non-scheduled UEs to skip unnecessary blind decodings. We think the control indicator could be transmitted one slot ahead before PDSCH is scheduled to increase UE power saving gain. For UEs which are configured to monitor group-common PDCCH, control indication is monitored in the same manner as SFI. UEs which are not configured to monitor group-common PDCCH can still operate without receiving it.

	Motorola Mobility, Lenovo
	Preemption indication can be considered in addition to SFI in group-common PDCCH. As it has been agreed that the duration of a control resource set is configurable per resource set for a UE, and the duration of different control resource sets in a slot can be different, we do not see the need for including ‘control resource set duration(s)’ and ‘data starting position for PDSCH’ in group-common PDCCH.

	Intel 
	The group-common PDCCH carrying SFI is distinct from a DCI in common search space (CSS). In this regard, note that “CSS” in general implies a “group-common search space” in not being UE-specific – such interpretation has been already utilized in the past in LTE.
The main characteristics of G-C PDCCH is easy and fast decoding at UE side and low overhead at the network side such that the slot format-related information can be conveyed to the UEs efficiently without incurring additional blind decoding load. 
With regard to the use of G-C PDCCH to enable avoidance of certain blind decoding efforts in the corresponding slots, this can already be achieved with the SFI.
At the same time, being of non-UE-specific nature for this channel, it would be good to have some reserved bits for future releases.
Thus, the G-C PDCCH should not carry anything other than SFI and a few (3~4) reserved bits.

	Ericsson
	We think it is important to introduce the field “Reserved” for future compatibility.
We also have considered the possibility to use this signal to increase the opportunities for SR, but the “slot related information” and “Reserved” have the highest priority. 

	Qualcomm
	There were many difference use cases proposed for group common PDCCH. It is our view that the group common PDCCH carrying SFI should be dedicated for this purpose and we should try to minimize the payload size in order not to introduce unnecessary overhead. Other functionality may be introduced as the part of regular PDCCH similar to LTE DCI formats 3/3A.

	AT&T
	 We are fine if we indicate SFI and some reserved bits for future use.

	Huawei
	If the meaning of “monitored in the same manner as the SFI” is that additional information can be transmitted together with SFI, we have the following understanding. We suggest NR support two types of group-common PDCCHs and multiple contents in addition to SFI. 
Type A: Group-common PDCCH carrying SFI
1) Beam related information: indication of which scheduled beam pair links to be monitored for PDCCH in the coming slot(s), 
Type B: Group-common PDCCH carrying common DCIs other than SFI
1) Bandwidth part activation/deactivation: signaling for activation/deactivation of configured bandwidth part(s);
2) Group ACK/NACK for grant free: ACK/NACK for UL grant free;
3) Group-common pre-emption indication: indication of pre-emption of eMBB.



Q3: For the case where a group-common PDCCH provides SFI for multiple slots what is the UE behavior if additional information fields are carried in the same group-common PDCCH?
	Company
	View

	Panasonic
	The index of entries in the table configured by RRC can include both single and multiple slot scheduling. Group common PDCCH can indicate one of entries for multiple-slot schedulingwithout increasing overhead in group common PDCCH. 
Above table is only related with resource usage. Whether other fields are also multiple slot scheduling is FFS.
Note that UE behavior is combination of RRC, DCI and group common PDCCH as we replied below. This is valid regardless of group common PDCCH indicating single slot or multiple slot scheduling.


	CATT
	Some proposed additional fields such as pre-emption indication, CSI-RS/SRS/SR resources may be applicable to a past slot or current slot. Therefore, more specification is needed when the GC-PDCCH carries SFI for current and future slots. It is better to separate DCI functionality into different DCI formats according to applicable timeline rather than indicating which information fields apply to which subset of slots.

	NTT DOCOMO
	There is no reason to limit the monitoring periodicity of a group-common PDCCH per multiple slots if the group-common PDCCH includes SFI while it also includes another information which is needed per slot basis. The group-common PDCCH monitoring pattern should be determined by the combinations of the information delivered by the group-common PDCCH.

	OPPO
	As we mentioned earlier, we feel it is better to limit the content for the GC-PDCCH for SFI and thus require less specification efforts (channel structure, channel coding etc) providing quick approaching deadline of completion of Rel-15. For other GC information, they could be further studied and if needed, they could be introduced either in a configurable manner or in separate GC-PDCCH(s), which will allow more flexible configuration (e.g., monitoring occasions) for each GC-PDCCH. 

	Samsung
	Contents of DCI provided by GC-PDCCH are configurable by the NW. Transmission periodicity for GC-DCCH is configurable by the NW. Whether to have one or multiple GC-PDCCHs is configurable by the NW. There is no need (it is actually detrimental) to limit any of the above by specification. 

	InterDigital 
	We can have different types of group-common PDCCH with different rates of monitoring. If SFI and other information (that need to be monitored per slot) are included fields of the same DCI, it should be monitored per slot.

	vivo
	Information that is included in the same group common DCI with SFI should apply to the same set of slots (single or multiple slots) as SFI.

	Xiaomi
	No additional information is carried on the GC-PDCCH except for the SFI for one or more slots

	Nokia, ASB
	First of all, we prefer not to have any other information to be carried together with SFI in a GC-PDCCH.
Even if there is additional information, in general we do not see the need to have the additional information to be applicable to multiple slots so far.

	LG Electronics
	As mentioned in Q2, we prefer a GC PDCCH carrying only SFI and other GC PDCCH(s) may carry additional information. We do not see a strong motivation to combine different contents/purposes into single GC PDCCH.

	MediaTek
	The contents of GC-PDCCH are configurable and the period for monitoring GC-PDCCH depends on the contents of GC-PDCCH. 

	Sony
	When the periodicity of the additional information is different from the periodicity of the SFI, it is appropriate to transmit the additional information using a different GC-PDCCH especially if the additional information is targeted at different slot(s), e.g. pre-emption indicator targets a previous slot and better to be located in a different GC PDCCH than the SFI which targets future slots.
Alternatively, the UE can monitor for GC-PDCCH carrying “SFI + other information” at the SFI periodicity and a GC-PDCCH carrying “other information” in other slots.

	Sharp
	If additional information is carried by a group-common PDCCH. Not only SFI but also the additional information should be taken into account for the design of UE behaviors (e.g. monitoring periodicity) related to the group-common PDCCH.

	Apple
	The information carried in group-common PDCCH should be encoded with (explicit/implicit) time-information where it could be applied.

	Motorola Mobility, Lenovo
	Monitoring occasions for group-common PDCCH is UE configurable and the contents are assumed to be valid for all slots in the monitoring period. 

	Intel
	This is yet another reason we do not want to couple the transmission of fields other than SFI and reserved bits in the G-C PDCCH. All other use cases can be addressed with full flexibility via appropriate DCIs in CSS.

	Ericsson
	The UE behavior with respect to additional fields depends on the definition and function for which the particular field is used.

	Qualcomm
	It is difficult to have clear answer without knowing what additional information field is. Preferably group common PDCCH carrying SFI should not be mixed with other functionality.

	AT&T
	It depends on the additional fields

	Huawei
	According to Q2, beam related information will be carried with the same group-common PDCCH which provides SFI for multiple slots. Accordingly, the beam related information (e.g. BPLs) for multiple slots will be indicated with the same group common PDCCH. If a UE receives this group common PDCCH, it will follow this indication to monitor PDCCH corresponds to those BPLs within the following multiple slots. The number of blind decodings corresponding to some BPLs may be reduced, if some the BPL of the UE does not indicated. 
Otherwise, the UE will follow the indication of RRC/MAC CE to monitor its PDCCH. 



Structure and types of group-common PDCCH
The interpretation of a ‘group-common PDCCH’ has evolved over the past few meetings. A literal interpretation may be any type of information that is common to at least a group of UEs (e.g. group power control commands such as LTE DCI formats 3/3A). It would be beneficial to understand companies’ views on group-common control functionality or scope.

Q4: based on your previous response on contents, is it better to classify different types of group-common PDCCH depending on contents and/or monitoring pattern?

	Company
	View

	Panasonic
	At least two types of group-common PDCCH, one is PDCCH indicating resource usage, TPC command and preemption resource indication but which one is present could be configured by RRC, as mentioned in our reply to Q2.
Another is group common PDCCH for the scheduling of PDSCH, which  corresponds to SIBs/paging/random access response and are named as ''PDCCH for scheduling group common PDSCH''.

	CATT
	In our view common information can be transmitted in different DCI formats targeted to specific purposes and/or with the same monitoring cycle. Therefore, it is more appropriate to classify common control information into different types of which SFI is a unique functionality. 

	NTT DOCOMO
	We don’t see a strong benefit to classify different types of group-common PDCCH depending on contents and/or monitoring pattern. When multiple information are delivered in group-common PDCCH, the group-common PDCCH monitoring pattern can be determined by the combinations of the information in group-common PDCCH.

	OPPO
	We feel we need to clarify if PDCCH that is used to schedule group common PDSCH (SIB, paging etc) is also called GC-PDCCH.  Regardless of that, if more GC information are identified to be necessary in addition to SFI, we feel that could be carried by separate  GC-PDCCH(s) which may have different monitoring pattern. 

	Samsung
	In general, there is no need for classification although there can be UE-group common functionalities, like TPC commands by a DCI formal like 3/3A in LTE, that may be handled separately. Given that GC-PDCCH transmissions are not “cheap”, the NW should have the capability of minimizing the number of GC-PDCCHs that need to be used.

	InterDigital 
	We think it may be useful to have different types of group-common PDCCH with possibly different rates of monitoring, and different error correction/detection mechanisms.

	vivo
	Classification of different group common information should be discussed first. Such classification can be done based on the provided functionality or supported information update frequency, required reliability, etc. After that, classification of group common PDCCH can be discussed including how many group common PDCCHs is to be supported.  

	Xiaomi
	At least two types of group common PDCCHs should be clarified. One is the GC-PDCCH indicating the SFI. The other one is the PDCCH that serves for common control purpose such as the TPC/RAR/SIB. The monitoring pattern can be configured by gNB.

	Nokia, ASB
	We think there may be a need to classify different types of group-common PDCCH depending on the contents and/or monitoring pattern, if they are significantly different in terms of intended use cases and the monitoring behavior. It also partly depends on the sizes of different DCI formats. But this will need to be discussed case-by-case if we agree to any new content. (Note that here we do not include the traditional functionalities that have been achieved by traditional common search space, such as group TPC, PDCCH for scheduling group common PDSCH, initial access procedure, etc.)

	LG Electronics
	One potential benefit of having different types of group-common PDCCH is to define different number of blind decodings. For example, only one or a few candidates can be defined for GC PDCCH carrying SFI whereas GC PDCCH carrying other information is carried over CSS.

	MediaTek
	To keep a low complexity and not increase additional overhead, we prefer to have only one type of GC-PDCCH. 

	Sony
	We think the GC-PDCCH can convey several different types of information, and the GC-PDCCH contents are configurable depending on use-case. But we don’t see a strong reason for classifying different types of GC-PDCCH.

	Sharp
	It is better to focus on a design of the group-common PDCCH carrying SFI first. Another kind of group-common PDCCH can be discussed later if necessary.

	Apple
	This should be discussed after content of group-common PDCCH is determined. In general, if the nature (intended group/timing/use/variability of message length) of messages are significantly different, then it could be sent with different types of group-common PDCCH.

	Motorola Mobility, Lenovo
	We prefer not to have different types of group-common PDCCH to minimize overhead as low rate coding is used for group-common signaling. Monitoring occasions can be configured based on the contents of the group-common PDCCH. Common search space PDCCH scheduling common PDSCH (e.g., SIBs/paging/RAR) and group TPC PDCCH can be considered separately.

	Intel
	G-C PDCCH design should be specific – it can reuse certain aspects of PDCCH design and structure, but it should not be coupled to DCI design for UE-common dynamic signaling use cases. Thus, all use cases other than SFI should be handled separate from G-C PDCCH design, motivated by the corresponding use cases.

	Ericsson
	GC-PDCCH should be considered as an add-on feature and hence data detection should be possible without monitoring this channel. Hence, we do not support including any content in GC-PDCCH that would be necessary to detect to be able to detect data.
Also we do not see the need of defining different types of GC-PDCCH and creating a new track beside PDCCH and also dependency between these two channels.

	Qualcomm
	There can be two different types of group common PDCCH, one carrying the SFI and the other similar to LTE DCI format 3/3A. The former can be targeted to have small payload to minimize the overhead. The latter can be as the part of regular PDCCH with group common DCI.

	AT&T
	 We prefer single structure for group common PDCCH

	Huawei
	The contents for type A include SFI and beam related information. The contents for type B can include “Bandwidth part activation/de-activation information”, “Group ACK/NACK indication”, “Group-common pre-emption indication”, and other contents similar to those supported by LTE common search space.




Q5: based on your two previous responses what channel structure is appropriate for the group-common PDCCH? Two possibilities are a separate channel structure mapped to physical resources that consume an integer multiple of CCEs, or a complete reuse of the NR-PDCCH structure. For the latter case, please provide your understanding of complete reuse of NR-PDCCH structure.  

	Company
	View

	Panasonic
	Complete reuse of NR-PDCCH structure aligned with compact DCI format like DCI format 1A in LTE.

	CATT
	For small payloads on the order of 2 – 5 bits it seems simpler to support a different channel rather than the NR-PDCCH. However, other considerations would increase this payload such as  
1. Reserved bits for future use
2. SFI indication for multiple slots (where each slot may have a different SFI value)
3. Possible support of SFI indication for multiple configured serving cells (CA).
Secondly, if the SFI GC-PDCCH shares physical resources with the NR-PDCCH it should be mapped to an integer multiple of CCEs to avoid inefficient fragmentation of physical resources. 
Finally, the DMRS mapping for the SFI-carrying GC-PDCCH would most likely be of the same pattern as other DL control channels. Therefore, it seems that the only difference may be in parts of the bit-level processing (specifically encoding) and CCE-to-REG interleaving patterns. Considering all these factors we believe a very compact DCI format relative to other DCI payloads may be okay for the SFI GC-PDCCH(this would be conceptually similar to the very compact DCI 1C format in LTE). 

	NTT DOCOMO
	From our point of view, a complete reuse of the NR PDCCH structure is appropriate for the group-common PDCCH since a separate channel structure is not suitable for forward compatibility while NR-PDCCH structure can support larger payload. Additional fields can be included in the future release without changing/modifying the channel structure.

	OPPO
	If possible, we shall reuse NR-PDCCH structure for GC-PDCCH. One reason is to reduce the specification efforts, the other reason is the potential multiplexing of GC-PDCCH and maybe PDCCH scheduling common PDSCH in CSS (or their CORESET(s) have overlapping)

	Samsung
	Same structure as for transmission of typical DCI formats (PDCCH). 

	InterDigital
	We think in the case that we have two types of group-common PDCCH with different sizes of DCI, it might be useful to re-use the NR-PDCCH structure for the GC-PDCCH with larger DCI and a different structure for the smaller DCI (with partial re-use of the resource mapping of NR-PDCCH).

	vivo
	Depending on the number of information bits that should be included in a group common PDCCH, if it is very small, then a separate designed channel would be more efficient, otherwise reuse PDCCH is preferred.

	Xiaomi
	Complete reuse of NR-PDCCH should be supported. This can reduce the standard impact and implementation complexity. Moreover, the payload is expected to be more than ten bits given that the multiple slot indication and symbol level granularity indication are supported. Further, reuse of NR-PDCCH also allow easier future extension.

	Nokia, ASB
	We prefer a complete reuse of the NR PDCCH structure, which means that it will use the same processing chain and resource mapping mechanism as any other DCI message. There may be some special handling in terms of which aggregation level(s) to use, which CORESET, and the candidate location(s) in the CORESET.

	LG Electronics
	It is efficient to reuse the NR-PDCCH structure. When the contents of GC PDCCH is only a few bits, it may be considerable to design a new channel which are mapped one or a few CCEs of CORESET for CSS. However, considering CA, reserved bits and multi-slot SFIs, we assume a compact DCI size can be appropriate for GC PDCCH carrying SFI. Other GC PDCCHs can use same or different DCI size supported for CSS.

	MediaTek
	We prefer the complete reuse of NR-PDCCH structure with CRC.

	Sony
	The structure of the GC-PDCCH is a complete reuse of the NR-PDCCH structure including at least CORESET configuration, REG structure, REG-to-CCE mapping, and CRC scrambling with RNTI.

	Sharp
	We prefer reusing the same structure with regular PDCCH.

	Apple
	This should be determined after content and its length are determined.We think 12~14 bits should be enough for group-common PDCCH. Those bits are comprised of SFI (4 bits), slot aggregation information (2 bits), Control indication for UE power saving (2~4 bits), and Reserved (4 bits). With 12-14 bits, separate channel structure is fine. But, if length gets longer than that and if two or more types of group-common PDCCH are supported, then reusing NR PDCCH structure could be better choice.

	Motorola Mobility, Lenovo
	Complete reuse of the NR-PDCCH structure with restrictions on aggregation level, number of candidates, and control resource set to monitor. 

	Intel
	G-C PDCCH should be as compact as possible and avoid increasing UE blind decoding – motivations for which already elaborated in responses to previous questions. 
The payload of G-C PDCCH should not be larger than 8-10 bits. The lack of blind decoding reliance and very small payload motivates a CRC-less design. 
On the other hand, we would also prefer to minimize specific work and enable a very high degree of multiplexing capability with regular PDCCH. Thus, in terms of physical resources, the G-C PDCCH is proposed to occupy integer multiples of REG bundles or CCEs, similar to regular PDCCH.
Thus, we prefer a separate physical channel structure differing primarily in the coding chain characteristics that is mapped to an integer multiples of REG bundles or CCEs.

	Ericsson
	We agree with the view of Panasonic, DCM and OPPO to reuse NR-PDCCH structure. To reduce the UE complexity, its position in the CORESET and number of blind decoding can be signaled with RRC configuration.

	Qualcomm
	Group common PDCCH encoding discussion is deferred till the contents and the number of payload for group common PDCCH are finalized.
Group common PDCCH shares the same resource mapping as the regular PDCCH, including the CORESET, CCE-to-REG-mapping, PDCCH-to-CCE mapping, RS placement and Tx diversity. Some restrictions on AL, number of candidates and CORESET to monitor can be considered as Motorola suggested.

	AT&T
	Since we prefer a small payload for group common PDCCH hence a separate channel structure mapped to physical resources is preferred.

	Huawei
	For Type A, there are two possibilities of the channel structure:
· Option 1: Regular NR-PDCCH structure
· Option 2: Separately designed structure
With Option 1, one or multiple CCEs will be used for a ‘group common PDCCH’.In order to multiplex easily with regular NR-PDCCH in common search space(s), group-common PDCCH with SFI should reuse the CCE-to-REG mapping applied for regular NR-PDCCH and can only be mapped in the first symbol. As a result, it can be assumed that CRC is always attached. 
For Option 2, separately designed structure can refer to PCFICH channel in LTE. Accordingly, no CRC will be attached and a small payload size is targeted. The resource for this PCFICH-like channel is located in the first symbol in a given slot and the time-frequency position will be predefined relative to its shared CSS. In order to improve the efficiency of multiplexing between this PCFICH-like channel and NR-PDCCH/PDSCH, the resource granularity should be the same as that of NR-PDCCH/PDSCH e.g. the basic resource unit is also one REG bundle.
For Type B, the structure may refer to NR-PDCCH in common search space which carries several kind of group common information, similar as LTE, e.g. scheduling of SIBx, RAR, and TPC.



Search space for group-common PDCCH
The design of the search space for monitoring one or more candidates of the group-common PDCCH may depend on the channel structure and whether there are multiple types of group-common PDCCH.

Q6: as a consequence of your views in Q3 – Q5, what is the relationship between a search space for monitoring the group-common PDCCH and the more traditional common search space for monitoring candidates scheduling common control information?  

	Company
	View

	Panasonic
	Group common search space can be realized by group common CORESET, whichcan bedifferent with CORESET for common search space for SIB/paging.
The group common search space could be configured for a group of UEs but common search space is common for all UEs in a cell.
UE’s blind decoding capability should take all search spaces (USS, group CSS, traditional CSS) into account.

	CATT
	A separate CORESET associated with a search space can be configured for monitoring the SFI-carrying GC-PDCCH. For fastest decoding a single candidate can be configured for this search space. Practically, the network can always configure the GC-PDCCH CORESET to overlap with another (group)-common CORESET.

	NTT DOCOMO
	As answered in Q5, group-common PDCCH is designed using a NR-PDCCH structure. In this case, two approaches can be considered for group-common search space design: one approach is defining a specific search space for group-common PDCCH, another approach is reusing the traditional common search space. Compared to the former, the latter may be beneficial to reduce the number of blind decoding of UEs, while traditional common search space may not have enough capacity. Therefore, it is beneficial to make the group-common search space configurable between a specific search space and traditional common search space.

	OPPO
	We feel to configure a separate CORESET for GC-PDCCH(s) and based on that deriving the corresponding search spaces would be a more clean solution. Alternatively, its search space could be shared with PDCCH scheduling common PDSCH in CSS. In either way, the total number of BD for a UE could be limited by configuration. 

	Samsung
	No relationship. CORESET(s) for GC-PDCCH(s) is configured by the NW.

	InterDigital
	If the structure of group-common PDCCH is the same as PDCCH (i.e. the case of unified group-common PDCCH or the case of a group-common PDCCH with larger DCI size), the search space for monitoring the group-common PDCCH can be the same as the more traditional common search space. But in the case of having a separate “light” group-common PDCCH (carrying content including SFI), it can have a different structure and, hence, a different search space.

	vivo
	Group specific search space is used for group common PDCCH, different groups can be configured with same or differing CORESET for group common PDCCH monitoring.

	Xiaomi
	The GC-PDCCH carrying SFI can share the common CORSET with other common PDCCHs. We don’t see the strong need to have a dedicated CORSET for The GC-PDCCH carrying SFI as the CORSETs can be overlapped. Meanwhile, to have fast processing of GC-PDCCH, the SS for GC-PDCCH can be confined in the common CORSET. 

	Nokia, ASB
	GC-PDCCH can be defined either based on a separately configured CORESET or within the traditional common search space (which may also be a group common search space in the context of NR). But we think it is simpler to monitor some pre-defined candidate(s) within the common search space for GC-PDCCH, especially if its DCI size is different from other DCI sizes.

	LG Electronics
	For GC PDCCH carrying SFI, we consider it would be beneficial to minimize the number of candidates. One approach is to fix one or a few candidates from CSS to be used for GC PDCCH carrying SFI. By this way, we can reduce blind decoding for SFI information to allow faster processing. Other GC PDCCHs can be transmitted via CSS.

	MediaTek
	GC PDCCH is transmitted in the common search spacelocated in common or additional CORESET.By default GC-PDCCH is transmitted in the common search spaceofthe common CORESET. If the capacity of common CORESET is not enough, GC PDCCH can be transmitted in the common search spaceofan additional CORESET.

	Sony
	The search space for GC-PDCCH and traditional common search space can be independently configured and there is no need for any relationship between the two. 
A search space for the GC-PDCCH can be the same as other search spaces for scheduling common control information when the DCI payload sizes are the same between their PDCCHs. In addition, the search space for the GC-PDCCH can be configured in a separate CORESET to other search spaces.

	Sharp
	Depends on the contents. Similarly to Q3, not only SFI but also the additional information, if supported, should be taken into account when we design the search space for the group-common PDCCH. If the group-common PDCCH carries SFI only, it can be sent in one (e.g. common CORESET) out of CORESETs that the UE monitors. But, if it carries CORESET specific information, it should be sent per CORESET. 

	Apple
	Separate CORESET with fixed location should be supported to reduce complexity.

	Motorola Mobility, Lenovo
	Control resource set for group-common PDCCH monitoring is configured for a UE and can be same as the traditional common search space control resource set.

	Intel
	G-C PDCCH is carried in a configured CORESET that is specific to the G-C PDCCH. 
However, this can be part of a common (or any) CORESET without necessarily defining separate rate-matching or resource-avoidance behavior for the PDCCH in the common CORESET due to the reuse of physical resources in units of CCEs. 

	Ericsson
	GC-PDCCH should be configured in the CORESET that contains the common search space.

	Qualcomm
	COREST for group common PDCCH can follow regular common search space. But on the other hand, the common search space itself may be slightly different from traditional one given wider bandwidth operation in NR. Not all the UEs may not be configured for one common search space with wider bandwidth operation.

	AT&T
	Separate CORESET with fixed location is preferred

	Huawei
	For Type A, there are two structures as mentioned in Q5. 
For Option 1, ‘group-common PDCCH’ will share the common search spaces with other NR-PDCCH candidates scheduling common control information. Configured RNTI will be used to distinguish the ‘group-common PDCCH’ and other scheduling common control information. 
For Option 2, time-frequency resource that is predefined relative to its shared CSS will be used for ‘group-common PDCCH’. Those predefined time-frequency resource do not overlap with common search spaces for other scheduling common control information. 
For Type B, it refers to scheduling of SIBx, RAR, and TPC, the information takes responsibility for initial access, power control and data transmission procedures, etc. It locates in the common search spaces. Preconfigured RNTI will be used to distinguish different functionalities.



UE behavior
UE behavior regarding SFI should be specified for the following cases
· UE is not configured to monitor for the group-common PDCCH carrying SFI
· UE is configured to monitor for the group-common PDCCH carrying SFI
· The UE does not detect a group-common PDCCH carrying SFI for a given slot(s)
· The symbol type indicated by a detected SFI conflicts with the symbol type provided by other signaling including broadcast DCI, UE-specific DCI and/or semi-static signaling/configuration

Q7: what is the UE assumption on symbol types when the UE is not configured to monitor for the group-common PDCCH carrying SFI? 

	Company
	View

	Panasonic
	If not configured to monitor for the group common PDCCH, UE will follow UE-specific DCI and/or semi-statically configured RRC.
If UE has not received both group common PDCCH andUE specific PDCCH, UE follows semi-static configuration.
If UE has received UE specific PDCCH, UE follows UE specific PDCCH, which is higher priority than semi-static RRC and group common PDCCH.

	CATT
	If a UE is not configured to monitor for the SFI-carrying group-common PDCCH, it follows the transmission direction indicated by other signaling including L1 and RRC signaling, or the frame structure, if known.

	NTT DOCOMO
	When UE is configured with symbol type by semi-static signaling/configuration, the UE follows the semi-static signaling/configuration on the symbol types; i.e., semi-static configuration is not overridden by the dynamic signalling. When the symbol type indicated by a detected SFI conflicts with the symbol type provided by the UE-specific DCI, latest indication overrides the symbol type.

	OPPO
	If the UE is not configured to monitor the GC-PDCCH carrying SFI, we feel the UE shall assume the symbols types based on the latest DCI or RRC configurations with the help of some default assumptions from specifications. 

	Samsung
	UE follows semi-static configurations by higher layers.

	InterDigital
	When the UE is not configured to monitor for the group-common PDCCH carrying SFI, it follows the semi-static signaling/configuration. 

	vivo
	If the group common PDCCH for SFI is not configured, UE follows semi-static configuration for slot format determination. 

	Xiaomi
	Semi-static configuration or UE-specific DCI applies. UE-specific DCI can overwrite the slot format indicated by semi-static configuration

	Nokia, ASB
	If the UE is not configured to monitor GC-PDCCH carrying SFI, it should follow the semi-static signaling (e.g. semi-static configuration for DL/UL transmission direction, the semi-static configuration for periodic CSI-RS, periodic SRS, PUCCH, etc) and the dynamic DCI. For any slots/symbols that have unknown transmission direction, the UE would monitor PDCCH as if it were DL.

	LG Electronics
	When GC PDCCH carrying SFI is not configured to be monitored, a UE assumes all slots are ‘Unknown’. ‘Unknown’ resource can be overridden by semi-static and dynamic indication. For example, PDCCH monitoring configuration can indicate periodic downlink portion and SS block indicates periodic downlink portions. Also, semi-static DL/UL configuration can give information about fixed DL/UL resources. 
When a UE is configured to monitor, but does not detect, a UE assumes ‘Unknown’ for the corresponding slots where a UE expects to receive SFI information for. ‘Unknown’ resource can be overridden by dynamic DCI. In terms of semi-statically configured resources, different behavior may be considered for different configuration. For example, SS block is assumed to be always downlink resource (i.e., cannot be overridden by GC PDCCH) whereas grant-free resource may be available only when a UE receives GC PDCCH indicating UL on the configured grant-free resource. Overall, the priority between semi-static configuration and GC PDCCH may be different per semi-static configuration. Between dynamic DCI and GC PDCCH, dynamic DCI can override information on at least ‘Unknown’ resources indicated by GC PDCCH.

	MediaTek
	When the UE is not configured with GCPDCCH, 
· If UE receives the semi-static assignment of DL/UL transmission direction from the higher layer RRC signaling, UE follows the semi-static assignment and PDCCH.
If the semi-static assignment is not received by the UE, UE monitors PDCCH.

	Sony
	When the UE is not configured to monitor for the GC-PDCCH carrying SFI, the UE will follow semi-static UL/DL configuration and/or other DCI scheduling indication.

	Sharp
	If a UE is not configured with the group-common PDCCH, the UE follows a slot format given by RRC signaling (e.g. semi-static configuration, system information).

	Apple
	If UE can find DCI destined to it, then it can infer transmission direction of the symbol(s) in the corresponding slot(s) based on the DCI. If there exist a default or base transmission direction which is semi-statically configured, then UE can use the default transmission direction.

	Motorola Mobility, Lenovo
	If a UE is configured with semi-static direction assignment, UE may assume the same transmission direction configuration for fixed DL/UL resources/symbols in the semi-static direction assignment, and transmission direction information in the UE-specific DCI; otherwise the UE follows the transmission direction information in the UE-specific DCI. 

	Intel
	If not configured to monitor for G-C PDCCH and also if there is no prior SFI conveyed to the UE that may apply to the concerned slot, the UE should be able to follow the information that may be conveyed via the UE-specific DCI (DL assignments or UL grants) or common/dedicated RRC configuration (e.g., about the frame structure).

	CMCC
	When the UE is not configured to monitor for the group-common PDCCH carrying SFI, UE follows broadcast DCI, UE-specific DCI and/or semi-static signaling/configuration, where semi-static signaling/configuration will take higher priority.

	Ericsson
	If the UE is not configured to monitor for the group-common PDCCH carrying SFI or if the UE is configured to monitor it but does not detect a group-common PDCCH, it processes symbols as directed by other signaling including RRC signaling and DCI.

	Qualcomm
	If not configured, UE follows DCI and other semi-static configuration.
For configured but UE does not detect, there can be two different cases. One is UE is just configured monitoring occasions but there is no guarantee that group common PDCCH is transmitted. In this case, UE follows DCI and other semi-static configuration. The other case is that UE is configured to monitor and there is guaranteed transmission from NW. In that case, UE follows DCI only.
When the detected SFI conflicts, we provided detailed behavior in the answer for Q9.

	AT&T
	Follows the SFI from semi static configuration

	Huawei
	When a UE is not configured with group-common PDCCH carrying SFI, it follows default configurations or some periodic configurations. The former one is for the case that some symbols/slots are predefined to be always DL and/or UL, while the latter one is for the case that no dynamic resource configuration occurs in the NW.



Q8: Is the UE behavior for the scenario where a UE is not configured to monitor for a group-common PDCCH carrying SFI, and the scenario where a UE is configured to monitor for a group-common PDCCH carrying SFI but does not detect a group-common PDCCH carrying SFI for a given slot(s)? If not, please explain
	Company
	View

	Panasonic
	Yes, we think above two scenarios are both valid.
The scenario where a UE is not configured to monitor for a group-common PDCCH carrying SFI is the case signalling overhead for such information is group-cast (broadcast) is very large. Such operation is feICIC operation and mMTC like operation.
The scenario where a UE is configured to monitor for a group-common PDCCH carrying SFI but does not detect a group-common PDCCH carrying SFI is miss-detection of such signal. Or gNB may intentionally not to transmit group-common PDCCH to rely on UE specific PDCCH. UE is not required to distinguish whether miss-detection or gNB intentional behavior.

	CATT
	Yes, we believe the same UE behavior should apply for both cases. 

	NTT DOCOMO
	Yes.

	OPPO
	The only difference we feel between these two scenarios is that for UE configured to monitor for a group-common PDCCH carrying SFI but does not detect a group-common PDCCH carrying SFI may assume the symbol type from the latest SFI it detects before in addition to referring to DCI or RRC. Certainly priority rule needs to be defined among these signals if there exist conflicts. 

	Samsung
	No, UE behavior is not necessarily same. When a UE knows it was supposed to detect SFI but failed, the UE behavior should not always be according to semi-static configurations for transmissions. Otherwise, there is little benefit, in general, for SFI. Hardcoding the UE behavior in the specifications is detrimental and should be avoided. 

	InterDigital
	Yes

	vivo
	For both cases, the UE behavior can be the same if semi-static configuration for slot format determination is provided, i.e. UE follows semi-static configuration.  FFS for the case when semi-static configuration is not provided.

	Xiaomi
	Yes

	Nokia, ASB
	We do not think the behavior should be the same.
If the UE is configured to monitor GC-PDCCH carrying SFI but does not detect it, the UE would follow the semi-static configuration for DL/UL transmission direction (note that this is not the semi-static configuration for periodic CSI-RS/SRS etc) and the dynamic DCI. For any slots/symbols that have unknown transmission direction, the UE would monitor PDCCH as if it were DL.
The intention is to allow maximum flexibility in dynamic TDD operation (i.e. the dynamic decision on DL/UL transmission direction does not have to always honor the semi-static configuration for CSI-RS/SRS/PUCCH), while still allowing the operation based on the periodic configuration for CSI-RS/SRS/PUCCH etc.

	LG Electronics
	As mentioned in Q7, the case can be different in terms of handling semi-static configurations.

	MediaTek
	We think the behavior is not the same. When GC-PDCCH is not configured, the slot configuration is only signaled by semi-static signaling. When GC-PDCCH is configured, the slot configuration may be changed.  If GC-PDCCH is not detected, UE have no ideal about whether the ‘unknown’ resources have been changed or not. As a result, the UE behavior is not the same.

	Sony
	The UE not detecting GC-PDCCH carrying SFI may due to mis-detection or gNB not transmitting any SFI.  There should be a fallback mechanism for this and it should be clear in the specs whether this fallback is the semi-static configured slot format or the last SFI.

	Sharp
	Yes. The same UE behavior applies to both cases.

	Apple
	We think the UE behavior for two cases should be the same. Consider two types of UEs : UEs which are not configured to monitor SFI and UEs which are configured to monitor SFI but failed decoding SFI. In this case, the only information available to these two types of UEs is semi-statically configured base tx direction.This means both types of UEs do not aware ofthe transmission direction change. So, UE behavior in this case should be the same.

	Motorola Mobility, Lenovo
	Yes, same UE behavior. 

	Intel
	· For both cases, if a UE-specific DCI is detected, then the UE follows DCI. 
· For the case when SFI is configured to be monitored but neither the G-C PDCCH with SFI nor any UE-specific DCI is detected, it may be safer for the UE to treat the symbols as “unknown”. 
· However, for the case when SFI monitoring is not configured, and neither is a UE-specific DCI detected, it can still monitor for PDCCH assuming DL symbols.
Note: For the last two cases, the above behavior is subject to any symbols already known from prior configuration (could be from semi-static configuration about DL/UL slots if provided to the UE).

	Ericsson
	There should be no difference in UE behavior for the two scenarios.

	Qualcomm
	It depends on whether there is guaranteed group common PDCCH transmission as the part of the configuration or not. If not, they can be the same.

	AT&T
	There should not be  any different in the UE behavior 

	Huawei
	We think the UE behavior for two cases may not be the same. In case 1, when a UE is not configured with group-common PDCCH, it suggests that the slot configuration is semi-static. However, when a UE is configured with group-common PDCCH carrying SFI, it suggests that the slot configuration may be dynamically changed. When the UE fails to receive the message, the UE should follow a “fallback” behavior, which may be the same as the UE behavior for the case 1 or may not. 



Q9: what should be the UE behavior or what signaling takes precedence in case of a conflict in the indicated symbol type received from SFI in group-common PDCCH, other broadcast DCI, UE-specific DCI and/or semi-static signaling/configuration.

	Company
	View

	Panasonic
	UE interpretsthe priority order as follows,
1) UE specific PDCCH
2) group common PDCCH
3) semi-static configuration (the latter is lower priority)
On the other hand, for some cases we don’t see it will cause the confliction but rather think it is joint usage, which could be that  at the OFDM symbol level, the higher priority signalling does not overwrite the direction but it signals the direction of "unknown" symbol in lower priority signalling. For example, 'unknown' symbol indicated in semi-static RRC can be indicated as“DL” or “UL” in group common or UE specific PDCCH.The 'DL or UL' indicated in semi-static RRC is indicated as 'unknown' in group PDCCH is error event.


	CATT
	In our view group-common PDCCH and UE-specific signaling should not indicate different transmission directions for a given symbol in a slot. 
A second issue is whether a group-common PDCCH carrying SFI can indicate a different symbol designation compared to a semi-static configuration, e.g. a periodic CSI-RS or periodic SRS resource configuration.  One solution is that the RRC configuration takes precedence in case of misalignment. This is motivated by the fact that RRC signaling is more reliable. Alternatively, it can be argued that since the SFI is more timely and dynamically signaled it should override any RRC configured symbol designations. In our view a gNB should not semi-statically configure SRS or CSI-RS resources on symbols that may flexibly change direction. Rather, aperiodic CSI reporting or SRS transmission should be used.

	NTT DOCOMO
	When UE is configured with symbol type by semi-static signaling/configuration, the semi-static signaling/configuration takes precedence. Otherwise, the latest indication takes precedence.

	OPPO
	Even though it is not finalized yet, we feel only GC-PDCCH carrying SFI and RRC configuration could be used to derive the symbol type (DL/UL etc) while DCI may only carry some time information (start/duration etc) . If there exist conflict between GC-PDCCH and  RRC, we feel GC-PDCCH may take precedence as that information could be conveyed more dynamic to the UE comparing with RRC. 

	Samsung
	For PDCCHs, the later transmission has priority. If at same time, GC-PDCCH has priority. For GC-PDCCH vs. semi-static configurations, priority is not specified and is up to the NW to configure.

	vivo
	Group common PDCCH takes the precedence in case the information is different than what indicated by semi-static configuration. For example, the UL slot configured by semi-static configuration can be reconfigured to DL slot or bi-directional slot by group common PDCCH. However, it should be discussed whether a DL portion (in either a DL only slot or a bi-directional slot) configured by semi-static configuration can be reconfigured to UL by group common PDCCH. For example some DL portions with essential signals, e.g. SS block cannot be changed. 
FFS for the case where information from group common PDCCH is different from UE-specific DCI for UE to determine the format for a given slot.

	Xiaomi
	For the collision between semi-static configuration and GC-PDCCH, we feel GC-PDCCH can overwrite the slot format.
For the collision between the GC-PDCCH and UE-specific PDCCH. We are not sure this would be happened. One concern is whena GC-PDCCH in a slot indicates the SFI for multiple slots, whether the UE-specific PDCCH can change the slot format indicated in GC-PDCCH.

	Nokia, ASB
	Here we consider 3 types of signaling: semi-static configuration for DL/UL transmission direction, SFI in GC-PDCCH, dynamic DCI. (Note that we do not include the semi-static configuration for periodic CSI-RS/SRS etc.) Any conflict in signaling (meaning that one signaling message indicates a slot/symbol as DL while another signaling message indicates it as UL) should be considered as error cases. The underlying assumption is that a reasonable gNB should not send conflicting information to the UEs. On the other hand, the ‘unknow’ or ‘flexible’ state can be overridden by other signaling messages.

	LG Electronics
	Priority between semi-static and GC PDCCH may be configurable or determined per each semi-static configuration. Dynamic DCI can override GC PDCCH at least on ‘Unknown’ resource.

	MediaTek
	If the direction indicated by SFI is not consistent with the direction indicated by PDCCH(s), UE consider it is an error case.
If the direction indicated by SFI is not consistent with the fixed DL/UL resources configured by semi-static signaling, UE consider it is an error case.
If the direction indicated by SFI is not consistent with the direction indicated by the pre-configured periodic signal (CSI-RS, SS block, SRS) and CSI reporting resource, UE follows the direction of SFI.

	Sony
	UE follows the latest indication and assumes that different SFI is not indicated between the GC-PDCCH and the UE-specific DCI, which are received in the same slot.
A system that has 3 different ways to signal the same thing is weird or really poorly designed.  
A UE has a semi-static configured slot format and if GC-PDCCH can overwrite this then it would be subjected to error since UE can mis-detect the GC-PDCCH. Unless the semi-static configured slot format is a fallback slot format then this is perhaps acceptable.
Basically, if we were to have such a poor design, then the mechanism that has a lesser priority must be a fallback format such that if the UE fails to read the higher priority signal, it will not lead to UE unable to decode anything (for a prolonged period)

	Sharp
	Scheduling by UE-specific DCI should be in line with SFI. Between group-common PDCCH and RRC, the group-common PDCCH should take precedence if the group-common PDCCH monitoring is configured. 

	Apple
	For resources with fixed transmission direction, only semi-static configuration is valid. UE should ignore SFI and DCI in this type of resource.
For resources with non-fixed transmission direction, semi-static configuration determines base transmission direction. But, SFI or DCI could override base transmission direction. In this case, UE should follow SFI if DCI is not available. UE should follow DCI if DCI is available.

	Motorola Mobility, Lenovo
	UE may assume the same transmission direction configuration for fixed DL/UL resources/symbols is indicated in the semi-static direction assignment, slot format related information on the group-common control channel and any transmission direction information in the UE-specific DCI. Such UE assumption can be used to validate the contents of the (common) control channel. For ‘unknown’ symbol(s) (if allocated), transmission direction is given by UE-specific DCI. 

	Intel
	· If the conflict is between SFI and semi-static configuration, the UE follows SFI.
· FFS: if configurability of this over-riding behavior is necessary.
· [bookmark: _GoBack]If the conflict is between SFI and UE-specific/broadcast DCI, the UE follows DCI.

	CMCC
	UE ignores or is not expected to receive any SFI for indicating transmission direction of symbols on semi-static configured UL/DL/unknown resources. That means SFI is only valid for semi-static configured “flexible” resources.
SFI in group-common PDCCH should take precedence in case of a conflict in the indicated symbol type received from SFI in group-common PDCCH and other UE-specific DCI. We don’t see a strong motivation of gNB intentionally overriding SFI by DCI. On a given slot(s) gNB may intentionally not to transmit group-common PDCCH or indicate as “flexible” by SFI, and UE follows broadcast DCI, UE-specific DCI.

	Ericsson
	The symbol type indicated by the group-common PDCCH is not expected to conflict with the symbol type provided by other signaling unless the other signaling is specifically defined to override information provided in the group-common PDCCH or vice-versa. 

	Qualcomm
	· SFI conflict with DCI
· SFI conflict with DCI from earlier slot
· SFI takes the priority over outdated DCI
· SFI conflict with DCI of the same slot
· DCI takes the priority
· SFI conflict with DCI from later slot
· DCI takes the priority
· SFI conflict with periodic signaling
· Directional conflict (DL or UL)
· First takes the direction from DCI (not earlier than SFI) if available
· If there is no direction information from DCI, SFI takes the priority
· False detection probability and its impact needs to be studied
· Conflict with ‘unknown’ SFI
· First takes the direction from DCI (not earlier than SFI) if available
· If there is no direction information from DCI, SFI takes the priority
· Conflict with ‘empty’ SFI
· First takes the direction from DCI (not earlier than SFI) if available
· If there is no direction information from DCI, periodic signaling takes the priority


	AT&T
	I think the updated information takes precednce

	Huawei
	The answer is case by case.
· For semi-static signaling/configuration for DL/UL resource assignment in terms of semi-static operation, UE does not expect to receive group-common PDCCH dynamically.
· For dynamic DL/UL resource assignment, group-common PDCCH can dynamically override semi-static signaling/configuration, e.g., for periodic CSI feedback, DL measurement, etc.
· At least for some cases, UE-specific DCI can also override group-common PDCCH signaling, e.g., to use ‘unknown’ symbols indicated by group-common PDCCH.



Other issues
Companies are invited to provide views on other issues relevant to the list of open issues from RAN1 #89.
	Company
	View

	Huawei
	Down-selection from the following options for SFI indication
1) on a per component carrier basis
2) on a per numerology basis
3) on a per bandwidth part basis

	CATT
	Discuss exact form of the SFI such as whether to introduce a table where each entry indicates a given combination of at least DL/UL/Unknown symbols for one or more slots.
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