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DMRS Collision for 15 KHz + CRS rate matching pattern
Thanks to Mattias for providing the following “status check”:
Alternative 1: For PDSCH mapping Type A, when lte-CRS-ToMatchAround is configured and dmrs-AdditionalPosition=’pos1’, and single-symbol DMRS, and if any DMRS symbol and any symbol containing common RS as indicated by lte-CRS-ToMatchAround is the same:  
· then the DM-RS positions for PDSCH duration (as measured from the beginning of the slot) of 13 and 14 are l0,9  instead of the default l0 , 11
· Support: Ericsson, Intel, AT&T, Nokia, Qualcomm, LG
· Need to check (UE impl.): MediaTek, Huawei, Samsung, vivo
· Need UE capability if supported: Huawei
· [image: ]Don’t support: ZTE (Can be solved by MBSFN subframe or Type A+B scheduling)





Alternative 2: For PDSCH mapping Type A, when lte-CRS-ToMatchAround is configured and dmrs-AdditionalPosition=’pos1’, and single-symbol DMRS, and if any DMRS symbol and any symbol containing common RS as indicated by lte-CRS-ToMatchAround is the same:  
· then the DM-RS positions for PDSCH duration (as measured from the beginning of the slot) of 13 and 14 are l0,12 instead of the default l0 , 11. The PDSCH processing time in Table 5.3-1 is increased from 13  to 14 in this case
· Support: Ericsson, Intel, AT&T, Nokia, MediaTek
· Need to check (UE impl.): Qualcomm, LG, Huawei, Samsung, vivo
· Need UE capability if supported: Huawei
· Don’t support: ZTE (Can be solved by MBSFN subframe or Type A+B scheduling)
[image: ][image: ]







[Ericsson] When LTE and NR co-exist on the same carrier, the NR UE can, if operating on 15 kHz subcarrier spacing, be informed about the position of the CRS using the RRC parameter lte-CRS-ToMatchAround . However, as can be seen in Figure 1, when an additional DMRS symbol is configured to the UE, it collides with CRS, leading to degraded performance. 
[image: ]
Figure 1 LTE CRS pattern (upper) and DMRS pattern when PDSCH ends in symbol 14, the additional DMRS is in symbol 12.
A remedy could be to schedule a PDSCH that stops in symbol earlier than 13, in which case the DMRS is moved to positions which do not collide with CRS. The drawback is then at least 15% loss in NR throughput for the FDD system, compared to nominal, which is not an acceptable solution, See Figure 2.
[image: ]
Figure 2 Scheduling of a short slot where PDCSH ends in symbol 12. The DMRS is then moved to symbol 10 according to TS 38.211. The last two symbols are then unused in the FDD system.
For DCI format 1_0 and before RRC configuration, two additional DMRS symbols are used and these will also collide with LTE CRS. However, in these cases which are rarely used, it can be acceptable to take the hit in overhead and schedule a PDSCH that ends in symbol 12.  For high capacity data transmissions on the other hand, it would be detrimental to NR performance in such coexistence scenario to take the 15% overhead on top of the already present LTE CRS overhead.  Hence, we propose to move the last DMRS symbol as follows:
Proposal: For PDSCH mapping Type A, when lte-CRS-ToMatchAround is configured and dmrs-AdditionalPosition=’pos1’, and single-symbol DMRS, then the DM-RS positions for PDSCH duration (as measured from the beginning of the slot) of 13 and 14 are l0,12 instead of the default l0,11

	Company
	Comment

	ZTE
	When CRS is 1 port, one of DMRS CDM groups can be used for NR to avoid the collision. Moreover, interference can be avoided if DMRS type 2 is used. Although type 2 is optional, it will be implemented if there is a strong market need.  This change of DMRS position in such late stage will affect implementation schedule.  The proposed change is just a ‘nice to have’ which should not be considered in this late stage according to the Chairman’s guidance. 

	LG
	If my understanding is correct, a UE is not expected that NR DMRS REs are overlapping with any rate matched REs for LTE CRS. Regarding this issue, the agreement was made in the RAN1 meeting #90bis as below. So, I think that we don’t need to discuss further about this issue.
Agreements:
· On a RE level, NR-PDSCH of SCS 15kHz can be rate-matched around the following resources:
· LTE CRS
· Rate-matching resource can be semi-statically configured (using LTE v_shift and up to 4 CRS antenna port(s)) for a NR UE
· A UE is not expected to handle the case where NR-PDSCH DMRS REs are over-lapping, even partially, with any RE(s) indicated by the rate-matching configuration.

	Ericsson
	Support the proposal
Reply to ZTE: A solution that only works for single port CRS is not a true solution in our view. That is not a common LTE deployment. DMRS type 2 is optional for DL so how to support UE that only can be configured with Type 1? As this bug fix will enhance NR performance when overlap with LTE with 15% and it is therefore essential to correct.
Reply to LG:  We don’t propose to change any agreement. We propose to move the DMRS so collision don’t occur in one case which is the most common case, that is FDD NR carrier with one additional DMRS symbol configured overlapping with an LTE carrier. Solving the problem completely (for all other DMRS configurations) is less urgent and can be solved in Rel-16 TEI. 

	Sprint
	Supports the proposal

	T-Mobile
	Supports the proposal

	Verizon
	Supports the proposal

	KDDI
	Supports the proposal

	AT&T
	Support the proposal
Our current LTE deployments use 4 port CRS and 1/2 port CRS is not a viable solution. In fact switching of 2 ports is not possible without impacting the legacy terminals.  We too observe the loss in throughput with the existing NR specification. In addition our current preference is to have Type 1 we don’t recommend using Type 2 to mitigate this problem. Hence we strongly support this proposal for early deployments of NR.

	CATT
	Agree with ZTE.

	vivo
	Agree with ZTE and LG

	Samsung
	Agree with ZTE. We think this is a non-essential correction.

	Intel
	We are ok support this proposal as long as the corresponding NR UE processing time for this case is also increased by 1 symbol. 

	Nokia, NSB
	This is not only for the case. For mapping Type B, it can happen. 
Good to check with other case. 

	Qualcomm
	We acknowledge there is a problem, and we would be OK to accept a last-symbol DMRS shifting for the 1+1 DMRS scenario for 15 KHz + CRS-rate-matching ON, but we would like more time (during this week) to check whether the last-symbol DMRS should be shifted to the left or right. We would like also to consider re-using the 1+1 DMRS pattern of 12-symbol PDSCH Type-A also for 13-symbol and 14-symbol PDSCH Type-A.




38.214 Editorial change for reference point
[LG] In the previous RAN1 meeting #94, there was an agreement on the reference point for k for DL DMRS as follows:
	Agreements:
· To adopt the following TP to 7.4.1.1.2 of 38.211:
===== start of TP =====
The reference point for [image: ] is 
· for PDSCH transmission carrying SIB1, subcarrier 0 of the lowest-numbered common resource block in the CORESET 0 configured by the PBCH if the corresponding PDCCH is associated with CORESET 0 and Type0-PDCCH common search space and is addressed to SI-RNTI,
· otherwise, subcarrier 0 in common resource block 0 
===== end of TP =====


The same description is also described in TS 38.214. For the commonality between TSs, the description in TS 38.214 should also be changed in accordance with the previous agreement. We propose the following text proposal. 
Proposal #1: Adopt the following TP to 5.1.6.2 of 38.214.
5.1.6.2	DM-RS reception procedure
---- Unchanged parts omitted ---
For PDSCH carrying SIB1, a A UE shall assume that DM-RS sequence is started from the lowest PRB of subcarrier 0 of the lowest-numbered resource block in CORESET 0 if the corresponding PDCCH is associated with CORESET 0 and Type0-PDCCH common search space and is addressed to SI-RNTI signalled in PBCH, otherwise DM-RS sequence is started from the reference point A for the corresponding PDSCH.
---- Unchanged parts omitted ---

	Company
	Comment

	Ericsson
	Seem ok

	Huawei, HiSilicon
	The same discussion for PRG issue, may need to discuss together.

	Vivo
	Same view as HW

	Qualcomm
	Since this was agreed already, it should be captured in 214 also, so we are supportive.



Proposal: Agree with Proposal 1.
	Proposal #1: Adopt the following TP to 5.1.6.2 of 38.214.
5.1.6.2	DM-RS reception procedure
---- Unchanged parts omitted ---
For PDSCH carrying SIB1, a A UE shall assume that DM-RS sequence is started from the lowest PRB of subcarrier 0 of the lowest-numbered resource block in CORESET 0 if the corresponding PDCCH is associated with CORESET 0 and Type0-PDCCH common search space and is addressed to SI-RNTI signalled in PBCH, otherwise DM-RS sequence is started from the reference point A for the corresponding PDSCH.
---- Unchanged parts omitted ---
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Table 5.3 - 1: PDSCH  processing   time for PDSCH  processing   capability 1  



 PDSCH decoding time  N 1   [symbols]  

dmrs - AdditionalPosition  = pos0 in    DMRS - DownlinkConfig  in  both  of    dmrs - DownlinkForPDSCH - MappingTypeA ,  dmrs - DownlinkForPDSCH - MappingTypeB  dmrs - AdditionalPosition  ≠   pos0 in    DMRS - DownlinkConfig  in either of    dmrs - DownlinkForPDSCH - MappingTypeA ,  dmrs - DownlinkForPDSCH - MappingTypeB     or if the high layer parameter is  not  configured  
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