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This contribution summarizes the informal email discussion on issues related to Other M-PDCCH  issues for Rel-13 low-cost / coverage-enhancement UEs.

Discussion

Question 1: How to handle CSI-RS in M-PDCCH construction (especially RE mapping and rate matching) before CSI-RS configuration is signaled to UE? Or the situation CSI-RS configuration is unknown is never happens? 

	Company
	Comments

	Panasonic
	Although CSI-RS-Config (ZP-CSI-RS and NZP-CSI-RS) is given by dedicated RRC message in legacy UEs, we propose ZP-CSI-RS configuration is sent in MTC-SIB and indicates super-set of CSI-RS resource of all UEs for rate matching or puncturing. This reduces to repeat the same configurations are given to large number of UEs.
Our view is CSI measurement of all transmission modes is based on CRS. Therefore, we don't see the need of NZP-CSI-RS configuration is required. If TM9 is CSI-RS based measurement, NZP CSI-RS configuration is dedicated RRC signalling.
Until this MTC-SIB is received, UE don't know CSI-RS configuration.  Therefore, RE mapping and rate matching are carried out as if no CSI-RS is transmitted. The RE used for CSI-RS is punctured at eNB side.

	DOCOMO
	Same view with Panasonic 

	Samsung
	CSI-RS configuration is provided by a SIB. 
REs of PDSCH/MPDCCH transmissions used for CSI-RS are punctured by eNB.
CSI measurement is always based on CRS

	Ericsson
	There are two options: 
· Option 1: MTC SIBx provides an optional field to indicate cell-wide CSI-RS configuration, and M-PDCCH reception takes into account the cell-wide CSI-RS configuration; Later UE-specific signalling provides more detailed CSI-RS configuration.
· Option 2: MTC SIBx does not provide cell-wide CSI-RS configuration. M-PDCCH reception assumes that no CSI-RS exists before UE-specific signalling provides the CSI-RS configuration. 
· Note that Option 1 degenerates to Option 2 if MTC SIBx does not contain CSI-RS configuration.
Our preference is Option 1.

	InterDigital
	ZP-CSI-RS configuration can be configured via SIB and same UE behaviour as EPDCCH and PDSCH.

	Sony
	CSI-RS for LC-MTC is not necessary.
CSI-RS for normal UE is signalled to LC-MTC for puncturing/rate matching purpose.  We have no strong preference whether it is signalled through SIB or RRC. If there are times, early in connection setup when the UE does not know of CSI-RS locations, there will be some degradation in M-PDCCH performance, but this can be tolerated.

	LG
	ZP-CSI-RS configuration can be configured via SIB. Rate matching same as legacy behaviour applies once a UE acquires ZP-CSI-RS configuration. Otherwise, UE assume no ZP-CSI-RS configuration, and the network can puncture eMTC control/data for CSI-RS transmission in such case.

	Intel
	No strong preference between SIB/dedicated RRC to signal CSI-RS configuration. Until such configuration is received and in case of collisions, CSI-RS is assumed to puncture M-PDCCH in the collided REs.

	ZTE
	Indicated in SIB

	Huawei, HiSilicon
	SIB provides CSI-RS configuration (both NZP-CSI-RS and ZP-CSI-RS).
Similar to the handling of current specification, rate matching on CSI-RS REs is applied by eNB and UE for M-PDCCH transmission.

	Nokia
	CSI-RS configuration is known by UE through RRC signaling. Before that, it is based on UE implementation how to handle the situation.   

	Sequans
	Before configuration is received (regardless whether RRC/SIB), eNodeB punctures REs belong to CSI-RS configuration in that subframe. UE assumes no CSI-RS configuration.  

	MediaTek
	It may depend on whether CSI-RS is used for TM9 or not. If not, cell specific ZP-CSI-RS can be indicated via SIB for rate matching. If yes, UE specific CSI-RS configuration can be done via RRC dedicated signaling.

	NEC
	Agree with Panasonic that RE mapping and rate matching are carried out as if no CSI-RS is transmitted. The RE used for CSI-RS is punctured at eNB side.

	
	



Question 2: How to handle CSI-RS in M-PDCCH construction (especially RE mapping and rate matching) after CSI-RS configuration is signaled to UE? Is the behaviour same between CE mode A and mode B?
Option 1: Rate matching and RE mapping around CSI-RS
Option 2: Rate matching and RE mapping does not take into account CSI-RS but puncture CSI-RS REs
Other option?

	Company
	Comments

	Panasonic
	Our view is for CE mode A, option 1 and for CE mode B, option 2.
Option 2 allows symbol combining of M-PDCCH, which reduces the buffer size before the channel estimation and reduce the channel estimation complexity. We see this is required only for CE mode B.

	DOCOMO
	Option 2 is better when repetitions are applied. Considering even in CE mode A, small number of repetitions is still supported. So we prefer Option 2 for both CE mode A and CE mode B

	Samsung
	Agree with Docomo. Option 2, always.

	Ericsson
	Option 2 (i.e., eNB punctures M-PDCCH REs occupied by CSI-RS) is used for both CE mode A and mode B for unified behaviour. Puncturing is necessary for accumulating symbols across subframes when M-PDCCH uses repetition.
Whenever CSI-RS configuration is known to the UE (including when CSI-RS configuration is provided by SIBx, see Question 1), UE knows the REs occupied by those CSI-RS are punctured. 
If CSI-RS configuration is fully or partially NOT known to the UE, the UE is not aware of the REs occupied by those CSI-RS not yet signalled to the UE. 
For example, if SIBx provides cell-wide CSI-RS configuration (see Option 1 for Question 1), then:
· Before UE-specific RRC signalling containing CSI-RS configuration is successfully sent to UE, UE knows to puncture those REs occupied by the cell-wide CSI-RS provided by SIBx;
· After UE-specific RRC signalling containing CSI-RS configuration is successfully sent to UE, UE knows to puncture those REs occupied by the CSI-RS provided by the UE-specific RRC signalling (which may be more detailed than the cell-wide CSI-RS configuration);

	InterDigitial
	Option 2

	Sony
	We prefer Option 2 for both modes. Option 2 can support symbol combining.

	LG
	The question is not very clear to us. If ZP-CSI-RS configuration is given via SIB, we think rate matching should be applied. If additional UE-specific CSI-RS configuration is given to a UE, we consider Option 2 can be applied. For CE mode B, we do not prefer UE-specific CSI-RS configuration. 

	Intel
	Slight preference for Option 1 for CE mode A and Option 2 for CE mode B.

	ZTE
	Option 2

	Huawei, HiSilicon
	Option 1 is preferred due to the same mechanism as current specification

	Nokia
	Option2 is preferred.

	Sequans
	Option 2. UE puncture CSI-RS as well

	MediaTek
	If no repetition (i.e., CE Mode A without repetition), Option 1 is preferred. If there is any repetition (i.e., CE Mode A with repetition and CE Mode B), Option 2 is preferred.

	NEC
	We prefer Option 2 for both CE Mode A and B.

	
	



Question 3: How to handle M-PDCCH in following situations?
a) normal CP the special subframe configurations 0 and 5 (not supported in legacy EPDCCH)
b) normal CP the special subframe configurations 3, 4, and 8 (four EREGs of one ECCE)
c) normal CP the special subframe configurations 1, 2, 6, 7 and 9  (eight EREGs of one ECCE)
d) extended CP the special subframe configurations 0, 4 and 7 (not supported in legacy EPDCCH), 
e) extended CP normal subframe (eight EREGs of one ECCE)
f) extended CP the special subframe configurations 1, 2, 3, 5 and 6 (eight EREGs of one ECCE)

	Company
	Comments

	Panasonic
	a) To confirm WA in RAN1#81 "Special subframes when special subframe configuration 0 or 5 is used in normal CP (0 or 4 in extended CP)" is fine to us.
b) 
Mode A: Same as EPDCCH. Rate matching and RE mapping are depending on  SF subframe configurations.
Mode B: Normal subframe without CSI-RS is used for reference subframe of rate matching and RE mapping in order to allow IQ combining. RE mapping is OFDM symbol shifting depending on DMRS positions. Brute force puncturing is applied for unavailable OFDM symbols.
c) 
Mode A: Only AL=1,2,4 and 8 are supported using 8 EREGs of one ECCE.
Mode B: Not supported.
d) To confirm WA in RAN1#81 "Special subframes when special subframe configuration 0 or 5 is used in normal CP (0 or 4 in extended CP)" is fine to us.
e) It may be useful but we would expect no time for the standardization. therefore, no support in this release.
f) It may be useful but we would expect no time for the standardization. therefore, no support in this release.

	DOCOMO
	Do not have strong view

	Samsung
	Same as for EPDCCH in case of no repetitions. FFS in case of repetitions depending on the aggregation levels to be supported in case of repetitions, on the implications on search space design, and on UE complexity.

	Ericsson
	Use Case 1 or  Case 2 (as in 36.213) (which corresponds to Case A or Case B respectively (as in 36.211)) for all the subframes that a given M-PDCCH candidate is repeated in.

	InterDigital
	Same view with Samsung

	LG
	a), d): Subframes not used for EPDCCH transmission are not utilized for M-PDCCH transmission.
b): RE mapping is same with EPDCCH, but same BD table is used for normal and special subframe. In case of no repetition, supporting different set of ALs as EPDCCH could be meaningless since the maximum AL would be supported in normal subframe already. In case of repetition, ECCE resources with same ECCE indices are used for M-PDCCH transmission.
c): RE mapping is modified to 4 EREGs compose an ECCE, and same BD table can used for normal and special subframe. Then, all M-PDCCH candidates can utilize ECCE resources in special subframe in case of repetition.
Overall, we think the same mapping, table to normal subframe is used for usable special subframe configurations to avoid complicated handling and unnecessary additional specification work on special subframe configurations. 
e), f): In case of extended CP, an ECCE is composed by  4 EREGs in all subframes. In this case, supported ALs for M-PDCCH can be {1, 2, 4, 8, 12}

	ZTE
	Support to use special subframes: In order to fully utilize the downlink resources, special subframes when subframe configuration is not 0 or 5 can be used for M-PDCCH transmission.
How to use: Considering the maximum ECCE number is different for normal subframes and special subframe with special subframe configuration 1, 2, 6, 7, 9 in same narrowband with normal CP, M-PDCCH transmission in special subframe would skip mapping of the ECCE index larger than the maximum ECCE number of special subframes.
For eight EREGs of one ECCE, to support AL=12ECCE.

	Huawei,HiSilicon
	Overall, the number of EREGs per ECCE and ECCE mapping in special subframes are the same as that for legacy EPDCCH.
a), d): Not support M-PDCCH transmission.
b), e), f): As the number of EREGs per ECCE is the same in normal subframes and in special subframes under the same CP type, M-PDCCH repetition can be transmitted in both normal subframe and special subframe using the same AL and ECCE indices.
c) As the number of EREGs per ECCE in special subframes is different from that in normal subframes, if the ECCE with index being equal to the maximum ECCE index constructing an M-PDCCH candidate can be found in the special subframe, both special subframes and normal subframes are valid subframes for the repetition of the M-PDCCH candidate. Otherwise, the M-PDCCH candidate is repeated only in normal subframes.

	Nokia
	The subframes in a) and d) are invalid subframes for M-PDCCH. In rest situations, the number of eREGs in ECCE are same for M-PDCCH as for EPDCCH.

	MediaTekk
	Similar view as Samsung. Without repetition, the operation is same as E-PDCCH. With repetition, it depends on search space design.



Question 4: "In subframes indicated by higher layers to decode PMCH" is not supported by EPDCCH. What is the handling related to MBSFN subframes? 

	Company
	Comments

	Panasonic
	When valid DL subframe indication is provided by MTC-SIB1, and these valid subframes includes MBSFN subframes indicated by MTC-SIB2, these subframes are valid MBSFN subframes for eMTC. The network ensures these subframes not to transmit PMCH. MTC SIBs should not be sent in these subframes. For these subframes, CE mode A behaviour is same as EPDCCH and CE mode B behaviour is rate matching and RE mapping are same as normal subframe. RE used by CRS can be kept empty.

	DOCOMO
	Do not have strong view

	Samsung
	Similar view with Panasonic. 

	Ericsson
	SIB1bis includes brief MBSFN subframe configuration (e.g., 6 bits) when constructing “Valid subframes for FDD DL or TDD transmission” IE. This set of valid subframes is expected to be fewer than what’s allowed by full MBSFN subframe configuration when considering the full period of radio frames. 
The full MBSFN subframe configuration should be sent to LC/CE UEs in a later MTC SIBx. That is, the set of valid (invalid) DL subframes is in the end defined by the full MBSFN subframe configuration.
The UE does not monitor M-PDCCH in MBSFN subframes as defined by the full MBSFN subframe configuration. 

	Sony
	UE will treat a subframe as valid if it is indicated as valid even if it is a MBSFN subframe.  It is expected that eNB would ensure this MBSFN valid subframe is suitable for LC-MTC reception.

	LG
	UE can assume that MBSFN subframes configured as available subframe by MTC SIB are not utilized for MBMS transmission, assume the subframe is valid for M-PDCCH transmission if configured as valid via valid subframe configuration. Regardless of CE mode, rate matching and RE mapping is per subframe (i.e., MBSFN subframe assumes no CRS, normal subframe assumes CRS).

	Intel
	Agree with Panasonic.

	ZTE
	MBSFN subframes not used for PMCH transmission can be known according to valid subframe configuration and MBSFN subframe configuration.

	Huawei,HiSilicon
	This question appears to have the same intent as Q5. To us, it seems that eMTC should not adversely impact existing services when eMTC is deployed in a cell. If the eNB is required to avoid PMCH – M-PDCCH collision by scheduling, then in CE Mode B (at least), PMCH could be not possible for many subframes or radio frames, or alternatively the chances to start a long M-PDCCH repetition could be limited. Perhaps Sony could clarify how scheduling would work in such cases? Therefore, we think we can use the valid subframes indication should be used to say whether an MBSFN subframe is valid or not in CE Mode B. In CE Mode A, it may be less disruptive than in CE Mode B if PMCH and M-PDCCH have to avoid each other, so we could rely on scheduling in CE Mode A.

	Nokia
	UE can expect there is no M-PDCCH transmission in all MBSFN subframes with possible PMCH transmission. For other MBSFN subframes, M-PDCCH can be transmitted.

	MediaTek
	Based on valid subframe configuration and MBSFN subframe configuration, UE can know which MBSFN subframes are available for eMTC usage.



Question 5: What is your thinking on the collision handling between PMCH and M-PDCCH? 

	Company
	Comments

	Panasonic
	If MBSFN subframe is used as eMTC as described above, the subframes to transmit PMCH are never configured as valid subframes as network operation.

	DOCOMO
	Do not have strong view

	Samsung
	PMCH subframes are not expected to be configured as valid subframes

	Ericsson
	As discussed in Question 4, the full MBSFN subframe configuration is taken into account in defining valid/invalid DL subframes after the MTC SIBx is received. The UE does not monitor M-PDCCH in MBSFN subframes as defined by the full MBSFN subframe configuration.

	Sony
	eNB to avoid such collision.

	LG
	Same view with Samsung

	Intel
	Can be handled via scheduler implementation (PMCH not transmitted on subframes indicated as valid).

	ZTE
	MBSFN subframes not used for PMCH transmission can be known according to valid subframe configuration and MBSFN subframe configuration. No collision between PMCH and M-PDCCH

	Huawei,HiSilicon
	See Q4.

	Nokia
	No collision is expected by eMTC UE. 

	MediaTek
	Similar to Q4, it can be known by UE which MBSFN subframe is valid for eMTC usage based on the MBSFN and valid subframe configuration.




Question 6: How scrambling sequence of M-PDCCH is handled over the repetition? Similar to PUSCH, the scrambling sequences at least for Z subframes should be same?

	Company
	Comments

	Panasonic
	For CE mode A, no specific handling. 
For CE mode B, the scrambling sequences at least for Z subframes is same in order to allow symbol combining.

	DOCOMO
	The principle of handling scrambling sequence during PUSCH transmission can be applied to the M-PDCCH case

	Samsung
	Same scrambling sequence over Z=YCH subframes.

	Ericsson
	Similar to PUSCH, the scrambling sequences of M-PDCCH should be same at least for Z consecutive subframes. When frequency hopping is applied, Z= YCH subframes irrespective of valid/invalid DL subframes (i.e., YCH ms).

	Sony
	Similar to handling of the DMRS precoder, where i.e. scrambling sequence does not change for Z = X subframes.

	LG
	Same view with Ericsson.

	Intel
	Agree with Panasonic: “no specific handling” (i.e., Z = 1) for CE mode A and Z = Y_CH for CE mode B.

	ZTE
	Same scrambling sequence during one repetitions.

	Huawei,HiSilicon
	Same view with Ericsson.

	Nokia
	Yes, the scrambling sequences for Z subframes are the same.

	Sequans
	Same sequence over Z subframes

	MediaTek
	Similar approach as for PUSCH/PDSCH, i.e., no change for Z subframes.

	NEC
	NO. We do not agree the scrambling sequences for M-PDCCH/PDSCH/PUSCH to be same in the same Z subframes (see our contribution R1-156683). The scrambling sequence should be different in every subframe in order to avoid the interference to combine coherently between radio frames which will consequently reduce the SINR gain of the long repetitions.

	
	



Question 7: How to handle M-PDCCH in following situations?
- an ECCE corresponding to that EPDCCH candidate is mapped to a PRB pair that overlaps in frequency with a transmission of either PBCH or primary or secondary synchronization signals

	Company
	Comments

	Panasonic
	For CE mode A, same as legacy EPDCCH. A UE is not expected to monitor an MPDCCH candidate, if an ECCE corresponding to that MPDCCH candidate is mapped to a PRB pair that overlaps in frequency with a transmission of PBCH, PSS or SSS in the same subframe.  
For CE mode B, PRB pair level brute force puncturing to M-PDCCH is supported  since PSS/SSS/PBCH blocks DMRS.

	DOCOMO
	It is better to avoid such situation by scheduling, i.e., up to eNodeB implementation. If this situation is investable,  we slightly prefer puncture that PRB for M-PDCCH

	Samsung
	Same as for EPDCCH for both mode A and mode B. 

	Ericsson
	Same principle as legacy EPDCCH should be used to handle overlap between M-PDCCH and PBCH/PSS/SSS. That is, M-PDCCH is not transmitted in PRB pairs that contain PBCH or PSS/SSS. In addition, the same should also be done to the newly introduced PBCH repetitions.
M-PDCCH transmission is dropped (i.e., not delayed) when colliding with a PRB pair containing PBCH/PSS/SSS, although eNB and UE are both aware of the collision. This allows proper alignment of frequency hopping pattern between an M-PDCCH overlapping with these PRB pairs in a subframe and the M-PDCCH that does not overlap with these PRB pairs in the same subframe.

	InterDigital
	Same as EPDCCH for both mode A and B

	Sony
	Mode A: follow legacy EPDCCH procedure where UE does not monitor the MPDCCH candidate with an ECCE overlapping with PBCH and PSS/SSS.
Mode B: The PRBs containing PBCH & PSS/SSS are punctured.

	LG
	M-PDCCH is rate-matched in PRB pair that overlaps in frequency with a transmission of PSS, SSS, or PBCH in the same subframe. It can utilize PRB resource which is not overlapped to PRB pair for PSS, SSS, or PBCH transmission. If EPDCCH principle is adopted, M-PDCCH with L = 24 cannot be transmitted in subframes for PSS, SSS, or PBCH transmission, and would cause performance degradation in case of coverage enhancement. 

	Intel
	Same principle as Rel-11 EPDCCH for both modes.

	ZTE
	M-PDCCH transmission is dropped when colliding with a PRB pair containing PBCH/PSS/SSS

	Huawei, HiSilicon
	For M-PDCCH without repetition, the same as EPDCCH. A UE is not expected to monitor an M-PDCCH candidate, if an ECCE corresponding to that M-PDCCH candidate is mapped to a PRB pair that overlaps in frequency with a transmission of either PBCH or primary or secondary synchronization signals in the same subframe.
For M-PDCCH with repetition, the principle similar to EPDCCH can be reused. An MTC UE could drop M-PDCCH reception in PSS/SSS/PBCH subframe(s) if overlap happens.

	Nokia
	For the subframe with PBCH transmission, M-PDCCH just postpone the transmission. For PSS/SSS subframe, just puncture the PSS/SSS REs.

	MediaTek
	For CE Mode A, same approach as E-PDCCH.
For CE Mode B, simply dropped the overlapped subframes.



Question 8: M-PDCCH and MTC-SIBs can have the collision? Or is it always managed by the scheduler? If there is a collision, how to handle it?

	Company
	Comments

	Panasonic
	For CE mode A, eNB scheduler avoids the collision.
For CE mode B, it would be difficult to avoid the collision by the scheduler. PRB pair level brute force puncturing is realized for symbol combining.

	DOCOMO
	It is better to avoid such situation by scheduling, i.e., up to eNodeB implementation. If this situation is investable,  we slightly prefer puncture that PRB for M-PDCCH

	Samsung
	Even for Mode A, there are MPDCCH repetitions and the eNB scheduler cannot be assumed to avoid the collisions. Same handling for Mode A and Mode B. It is simplest to skip MPDCCH in subframes where overlapping occurs - (e.g. SIB1bis is transmitted over the whole narrowband, no puncturing is applicable or desirable for the MPDCCH ECCEs). Possible overlapping with CSS narrowbands should also be handled in the same manner. 

	Ericsson
	Collision should always be avoided by eNB scheduler. No specification impact.
If collision cannot be avoided, M-PDCCH transmission is dropped (i.e., not delayed) when colliding with a PRB pair containing MTC-SIB. This allows proper alignment of frequency hopping pattern between an M-PDCCH overlapping with these PRB pairs in a subframe and the M-PDCCH that does not overlap with these PRB pairs in the same subframe.

	Sony
	In both modes, the PRBs containing MTC-SIBs are punctured.

	LG
	When R=1, a UE does not need to monitor M-PDCCH in MTC SIB subframes. MTC SIB subframes mean subframes configured for MTC SIB transmission by MIB for MTC SIB1 and by MTC SIB1 for other SIBs. If R>1, a UE can assume that M-PDCCH is not transmitted in MTC SIB subframes and these subframes can be counted for M-PDCCH repetitions.

	Intel
	Should be possible to handle by the eNB scheduler to avoid such collisions. Drop M-PDCCH in subframes when collisions are unavoidable.

	ZTE
	M-PDCCH transmission is dropped when colliding with a PRB pair containing SIB.

	Huawei, HiSilicon
	Collision should be avoided by eNB scheduler, especially for M-PDCCH without repetition.
For M-PDCCH with repetition, an MTC UE could drop M-PDCCH reception in SIB subframe(s) if overlap happens.

	Nokia
	The collision can be avoided by scheduling. 

	MediaTek
	Collision is avoided by eNB scheduling or the overlapped subframes are dropped for repetition if any collision.



Q8-a: M-PDCCH and unassociated PDSCH in the same subframe for a given UE may be in different narrowbands especially in CE mode A, how to handle the case of M-PDCCH and unassociated PDSCH within different narrowbands?
	Company
	Comments

	Huawei, HiSilicon
	Given example in no repetition case, MPDCCH narrowbands will be semi-statically configured in consecutive subframes. However the unassociated PDSCH will be dynamically indicated to very likely a different NB by the DCI on a previous MPDCCH belonging to different HARQ process. Then which narrowband the UE is expected to use? We prefer to assume that UE will not monitor MPDCCH if the narrowband configured for MPDCCH and the narrowband indicated for unassociated PDSCH is different, i.e. such subframe is invalid for MPDCCH. This is in line with the intention of dynamic indication of PDSCH narrowband location. More details in R1-156442.

	Sequans 
	We have different view. Our interpretation of the agreement
 “Multiplexing of M-PDCCH and un-associated PDSCH in the same subframe to the same UE is supported.” was exactly to support it. No reason why UE should not monitor MPDCCH in the PDSCH subframe after (dynamically) hopping.  

	MediaTek
	For both CE mode A and CE Mode B, it can be prioritized based on ACK/NACK>PDSCH>other M-PDCCH supposing synchronous UL HARQ.



Question 9: What is your view on PRB bundling in frequency domain on M-PDCCH?

	Company
	Comments

	Panasonic
	For CE mode A, PRB bundling is not supported.
For CE mode B, PRBs bundling with PRG size of 2 or 3PRBs within the continuous same PRB sets is supported.

	DOCOMO
	We slightly prefer not to support it at least for CE mode A. For CE mode B, it may depend on the performance gains.

	Samsung
	Same as Panasonic. PRG size of 2 PRBs is preferred for MPDCCH in Mode B. 

	Ericsson
	PRG=3 PRB is used for both M-PDCCH and PDSCH, and for both CE mode A and mode B.

	InterDigital
	No PRB bundling for both Mode A and B. Showed performance loss from PRB bundling due to precoder cycling limitation.

	Sony
	Support PRB bundling in Mode B only with PRG size of 3 PRBs. Whether PRB bundling is supported or not could be configured by the eNodeB.

	LG
	For CE mode A, PRB bundling is not supported.
[bookmark: OLE_LINK30][bookmark: OLE_LINK31]For CE mode B, PRBs bundling with PRG size of 2 PRBs is supported.

	Intel
	· PRB bundling should be supported for PRB set sizes 4 and 6(2+4) at least for CE mode B
· OK with a single value of PRG size = 3 for simplicity.

	ZTE
	For mode A, PRB bundling is not supported.
For mode B, PRBs bundling with current PRG size is supported.

	Huawei, HiSilicon
	A single value of PRG size is defined regardless of CE mode.

	Nokia
	PRB bundling is not supported on M-PDCCH in CE mode B and CE mode A. 

	Sequans
	Not supporting, additional channel estimation complexity 

	MediaTek
	For CE Mode A, no support for PRB bundling for CE Mode A.
For CE Mode B, it depends on the performance gain. If necessary, 2PRBs are preferred to be aligned with 2/4/6 PRBs for M-PDSCCH.



Question 10: What is your view on quasi co-location for M-PDCCH? (delay spread, Doppler spread, Doppler shift, average gain, and average delay)

	Company
	Comments

	Panasonic
	Antenna ports used for M-PDCCH are differently assigned from EPDCCH. For example, 107M, 108M, 109M, 110M. 
The UE may assume the antenna ports 0 – 3, 107M – 110M of the serving cell are quasi co-located  with respect to Doppler shift, Doppler spread, average delay, and delay spread. So average gain is not assumed to be quasi co-located. These are same as EPDCCH handling.

	DOCOMO
	No strong view

	Samsung
	No need for quasi-collocation configuration for LC-UEs.

	Ericsson
	Quasi co-location is not configurable for M-PDCCH. EPDCCH RRC parameters “re-MappingQCL-ConfigId-r11” and “csi-RS-ConfigZPId-Second-r12” are not applicable to M-PDCCH.
A UE may assume that antenna ports 0 – 3 and the antenna ports of M-PDCCH are quasi co-located with respect to Doppler shift, Doppler spread, average delay, and delay spread.

	InterDigital
	No need quasi-collocation.

	Sony
	No quasi-collocation for LC-MTC UE.  
UE can assume the antenna ports 0 – 3, 107 – 110 of the serving cell are quasi co-located with respect to Doppler shift, Doppler spread, average delay, and delay spread for all TMs.

	LG
	No need quasi-collocation is okay.

	Intel
	UE always assumes QCL behavior A (i.e., DM-RS is quasi co-located with CRS) for M-PDCCH demodulation. No need for any signaling.

	ZTE
	No need for quasi-collocation configuration 

	Huawei, HiSilicon
	No need quasi-collocation

	Nokia
	All antenna ports including CRS, CSI-RS and DM-RS are assumed co-located.

	Sequans
	No need

	MediaTek
	No need




Proposals from the rapporteur

Question 1 and 2:
· On M-PDCCH, eNB punctures REs belong to CSI-RS configuration regardless of UE knows CSI-RS configuration and regardless of CE mode A or B. 
· When UE don't know CSI-RS configuration, UE assumes no CSI-RS configuration. When UE knows CSI-RS configuration, UE punctures RE used for CSI-RS.
· ZP-CSI-RS configuration is given by MTC-SIB.
· NZP-CSI-RS configuration is FFS among
· Option 1: not given to UE
· Option 2: given to UE dedicated RRC
· Option 3: given to UE by MTC-SIB

Question 3:
· M-PDCCH are not supported in the following cases.
· a) normal CP the special subframe configurations 0 and 5 (not supported in legacy EPDCCH) (= i.e. to confirm working assumption)
· d) extended CP the special subframe configurations 0, 4 and 7 (not supported in legacy EPDCCH) (= i.e. to confirm working assumption plus configuration 7)
· M-PDCCH are supported in the following case
· b) normal CP the special subframe configurations 3, 4, and 8 (four EREGs of one ECCE in EPDCCH)
· e) extended CP normal subframe (eight EREGs of one ECCE in EPDCCH)
· f) extended CP the special subframe 1, 2, 3, 5 and 6  (eight EREGs of one ECCE in EPDCCH)
· The handling of the following case is FFS whether to support M-PDCCH or not
· c) normal CP the special subframe configurations 1, 2, 6, 7 and 9 (eight EREGs of one ECCE)
· Possible options are option 1) no support and 2) RE mapping is modified to 4 EREGGs compose an ECCE.
· In extended CP subframes, M-PDCCH supports at least 4, 8, and 12 ECCE aggregation. 
· UE may assume the special subframe not to support M-PDCCH is always configured as invalid subframe.

Question 4 and 5:
· MBSFN subframes but valid subframe can be used for MPDCCH. 
· UE may assume these subframes never transmit PMCH.
· CRS other than the first OFDM symbol in a subframe are not transmitted in these subframes. 
· RE mapping/rate matching/puncturing is same as non-MBSFN subframes. 
· RE used for non-transmitted CRS is kept empty.

Question 6:
· The scrambling sequences for Z subframes are the same.

Question 7 and 8:
· The collision handling with PBCH is FFS among
· Option 1) same EPDCCH (A UE is not expected to monitor an MPDCCH candidate, if an ECCE corresponding to that MPDCCH candidate is mapped to a PRB pair that overlaps in frequency with a transmission of PBCH, PSS or SSS in the same subframe.)
· Option 2) PRB used for PBCH are punctured.
· Option 3) The subframe contain PBCH are postponed.
· Option 4) The subframe contain PBCH are dropped.
· The collision handling with PSS/SSS is FFS among
· Option 1) same EPDCCH (A UE is not expected to monitor an MPDCCH candidate, if an ECCE corresponding to that MPDCCH candidate is mapped to a PRB pair that overlaps in frequency with a transmission of PBCH, PSS or SSS in the same subframe.)
· Option 2) PRB used for PSS/SSS are punctured.
· Option 3) The subframe contain PSS/SSS are postponed.
· Option 4) The subframe contain PSS/SSS are dropped.
· The collision handling with MTC-SIBs is FFS among
· Option 1) No specification handling
· Option 2) PRB used for MTC-SIBs are punctured.
· Option 3) The subframe contain MTC-SIBs are postponed.
· Option 4) The subframe contain MTC-SIBs are dropped.
· Note that similar discussion would be also held for non-MTC for DM-RS based TM. Commonality may be worth to think about.
· [bookmark: _GoBack]Above option choce may be different depending on CE mode A or B.

Question 8-a:
· When MPDCCH and previously assigned PDSCH are different narrow bands, FFS among
· Option 1) narrowband for MPDCCH is prioritized
· Option 2) narrowband for PDSCH is prioritized

Question 9:
· PRB bundling for CE mode A is not supported.
· PRB bundling for CE mode B is FFS among
· Option 1) not supported
· Option 2) PRG size of 2 PRBs
· Option 3) PRG size of 3 PRBs

Question 10:
· A UE may assume that antenna ports 0 – 3 and the antenna ports of M-PDCCH are quasi co-located with respect to Doppler shift, Doppler spread, average delay, and delay spread.
· No quasi-collocation configuration.
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