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1. Introduction
This document contains summary of proposals for DMRS. In this meeting, only Samsung [1] proposed DMRS related proposal in AI8.1.
2. Introduce new UE capability
2.1. 
2.2. 
2.3. 
1.1 
1.2 
1.3 
1.4 
1.4.1 
Samsung [1] proposed to introduce to limit the max number of configured DMRS types for all DL DCI formats.
	Samsung [1]: In RAN1#114bis, it is concluded as follows that all DCI formats except fallback DCIs (i.e., DCI format 0_0 and 1_0) can indicate Rel-18 DMRS ports.
	Conclusion in RAN1#114b
DCI formats 1_1/1_2/0_1/0_2 and other DCI formats (except for DCI format 0_0/1_0), which are specified as equally applied as at least one of DCI formats 1_1/1_2/0_1/0_2, can indicate Rel.18 DMRS ports.



Based on the above conclusion, in Clause 5.1.6.2 in TS38.214, the reception procedure for DMRS indicated by different DCI format has been specified as follows. Here, considering UE’s receiving operation, we would like to focus on DL DCI format and corresponding DL DMRS types.
	5.1.6.2 DM-RS reception procedure
The DM-RS reception procedures for PDSCH scheduled by PDCCH with DCI format 1_1 described in this clause equally apply to PDSCH scheduled by PDCCH with DCI format 1_2, by applying the parameters of dmrs-DownlinkForPDSCH-MappingTypeA-DCI-1-2 and dmrs-DownlinkForPDSCH-MappingTypeB-DCI-1-2 instead of dmrs-DownlinkForPDSCH-MappingTypeA and dmrs-DownlinkForPDSCH-MappingTypeB. The DM-RS reception procedures for PDSCH scheduled by PDCCH with DCI format 1_1 described in this clause equally apply to PDSCH scheduled by PDCCH with DCI format 1_3.
The DM-RS reception procedures for PDSCH scheduled by PDCCH with DCI format 1_1 described in this clause equally apply to PDSCH scheduled by PDCCH with DCI format 4_2, by applying the parameters of dmrs-DownlinkForPDSCH-MappingTypeA and dmrs-DownlinkForPDSCH-MappingTypeB in pdsch-ConfigMulticast instead of dmrs-DownlinkForPDSCH-MappingTypeA and dmrs-DownlinkForPDSCH-MappingTypeB in PDSCH-Config.



In the Clause 5.1.6.2, DMRS reception procedure has been specified based on DCI format 1_1, and by using the above specification text, it can be equally applied for DMRS reception procedure which is driven by DCI format 1_2, 1_3, and 4_2. Each DCI format (except DCI format 1_3) has its own RRC parameters for DMRS indication.
· For DCI format 1_2, dmrs-DownlinkForPDSCH-MappingTypeA-DCI-1-2 and dmrs-DownlinkForPDSCH-MappingTypeB-DCI-1-2 can be used to indicate DMRS, instead of dmrs-DownlinkForPDSCH-MappingTypeA and dmrs-DownlinkForPDSCH-MappingTypeB which are utilized for DCI format 1_1.
· For DCI format 1_3, same RRC parameters for DCI format 1_1 are utilized.
· For DCI format 4_2, instead of RRC parameters for DCI format 1_1, dmrs-DownlinkForPDSCH-MappingTypeA and dmrs-DownlinkForPDSCH-MappingTypeB in pdsch-ConfigMulticast can be used to indicate DMRS.

Observation 2: Different DCI formats can indicate different DMRS types, based on different RRC parameters.

In order to inform the supported DMRS types from UE to gNB, two UE capabilities are defined in Rel-15 (FG 2-10) and Rel-18 (FG 40-4-1g) as follows:

	2-10
	Support DMRS type (downlink)
	Support DMRS {type 1, both type 1 and type 2}
	
	supportedDMRS-TypeDL
	Phy-ParametersFRX-Diff
	No
	Yes
	
	Type 1 is mandatory with capability signalling.
 
Type 2 is optional with capability signalling



	40-4-1g
	DMRS type for Rel.18 enhanced DMRS ports for PDSCH
	Support of DMRS type for Rel.18 enhanced DMRS ports for PDSCH
	40-4-1
	Yes
	n/a
	UE does not support DMRS type for Rel.18 enhanced DMRS ports for PDSCH
	Per FS
	No
	No
	n/a
	Component 1 candidate values: {etype 1, both etype 1 and etype 2}
	Optional with capability signaling



By reporting FG 2-10, UE can report either “type 1” or “both type1 and type 2” where type 1 and type 2 here stand for Rel-15 DMRS type 1, and Rel-15 DMRS type 2, respectively.
By reporting FG 40-4-1g, UE can report either “etype 1” or “both etype 1 and etype 2” where etype 1 and etype 2 here stand for Rel-18 enhanced DMRS type 1, and Rel-18 enhanced DMRS type 2, respectively.

Observation 3: Current UE capabilities FG 2-10 and FG 40-4-1g can report the DMRS types UE can support which can be up to 4 different DMRS types.

Given possibly supported DCI formats and DMRS types from a certain UE, gNB can configure appropriate RRC parameters for DCI format and corresponding RRC parameters for DMRS types. As a consequence, when a UE reports up to 4 different DMRS types are supported, the UE can be configured with up to 4 different DMRS types from across all DCI formats which the UE can monitor. In this case, the UE shall prepare reception procedure for 4 different DMRS types, which means 4 different MMSE coefficient filters are ready to be used for channel estimation in advance, which could be burden to UE from memory and processing point of view. Hence, it is informative to gNB if a UE can report a new UE capability including the information of the maximum number of configured DMRS types for across all DL DCI formats per cell so that the UE can indicate to gNB the processing limit considering DMRS channel estimation. Since Rel-15 DMRS type is mandatorily supported for demodulation of PDSCH scheduled by DCI format 1_0, the candidate value could be one of 2, 3, or 4, which can be also discussed in UE feature session.

Proposal 9: Introduce a UE capability introducing the maximum number of configured DMRS types for across all DL DCI formats per cell (except DCI format 1_0).



FL: Samsung also proposes more details of the above proposal to their UE feature tdoc (R1-2402453).
	Samsung (R1-2402453):
Proposal 5: Introduce a UE capability introducing the maximum number of configured DMRS types for across all DL DCI formats per cell (except DCI format 1_0) as with the following FG structure:
	40-4-XX
	Capability on the maximum number of configured DMRS types for across all DL DCI formats (except DCI format 1_0)
	The maximum number of configured DMRS types for across all DL DCI formats (except DCI format 1_0)
	2-10, 40-4-1
	Yes
	n/a
	Capability on the maximum number of configured DMRS types for across all DL DCI formats is not supported (except DCI format 1_0)
	Per FS
	No
	No
	n/a
	Component candidate values: {2, 3, 4}
	Optional with capability signaling






FL: Note that DL R18 DMRS port is configured by dmrs-TypeEnh-r18 in DMRS-DownlinkConfig. 
DMRS-DownlinkConfig ::=             SEQUENCE {
    dmrs-Type                           ENUMERATED {type2}                                                      OPTIONAL,   -- Need S
    dmrs-AdditionalPosition             ENUMERATED {pos0, pos1, pos3}                                           OPTIONAL,   -- Need S
    maxLength                           ENUMERATED {len2}                                                       OPTIONAL,   -- Need S
    scramblingID0                       INTEGER (0..65535)                                                      OPTIONAL,   -- Need S
    scramblingID1                       INTEGER (0..65535)                                                      OPTIONAL,   -- Need S
    phaseTrackingRS                     SetupRelease { PTRS-DownlinkConfig  }                                   OPTIONAL,   -- Need M
    ...,
    [[
    dmrs-Downlink-r16               ENUMERATED {enabled}                                                        OPTIONAL    -- Need R
    ]],
    [[
    dmrs-TypeEnh-r18                ENUMERATED {enabled}                                                        OPTIONAL    -- Need R
    ]]
}
	dmrs-TypeEnh
Enables the use of enhanced DMRS type1 or enhanced DMRS type2 with field dmrs-Type (see TS 38.211 [16], clause 7.4.1.1.1). If the field is present and dmrs-Type is absent, the UE uses DMRS eType 1. If the field is present and dmrs-Type is present, the UE uses DMRS eType 2.



FL Proposal 1 
· Introduce a UE capability introducing the maximum number of configured DMRS types for across all DL DCI formats per cell (except DCI format 1_0).
Support/fine: Samsung
Concern: 
	Company
	Comment

	Docomo
	We don’t understand why it could be up to 4 different DMRS types across all DL DCI formats. Even if different DCI format has different RRC parameter to enable R18 DMRS ports, the max number of different DMRS ports should be up to 2. For example, if {DCI 1_2, 1_1/1_3, 4_2} are configured with {R15, R18, R18} DMRS ports, the max number of different DMRS ports is 2.

We don’t think the new UE capability is needed.

	Google
	We also would like to understand how the gNB can configure 4 DMRS types.

	Samsung
	Thanks for capturing our proposal, and thank you for the question, and sorry for not specific explanation. The reason why up to 4 different DMRS types is possible is that, a DMRS type can be associated with PDSCH mapping type (either A or B), and both types A and B can be supported by a certain DCI format (by different codepoint of TDRA field).

For example, for DCI format 1_1, if dmrs-DownlinkForPDSCH-MappingTypeA and dmrs-DownlinkForPDSCH-MappingTypeB is configured as R18 DMRS type 1 and R18 DMRS type 2, respectively, DCI format 1_1 can indicate two DMRS types (R18 DMRS type 1 and 2), by using different codepoint of TDRA field supporting different PDSCH mapping types.
At the same time, for DCI format 1_2, if dmrs-DownlinkForPDSCH-MappingTypeA-DCI-1-2 and dmrs-DownlinkForPDSCH-MappingTypeB-DCI-1-2 is configured as R15 DMRS type 1 and R15 DMRS type 2, respectively, DCI format 1_2 can indicate two DMRS types (R15 DMRS type 1 and 2), by using different codepoint of TDRA field supporting different PDSCH mapping types.
Note that different types from Rel-15 and Rel-18 is not allowed to be dynamically switched, as we discussed.

	OPPO
	We understand the motivation of the proposal and support this new UE feature. 
One question for clarification: If this capability is not reported, does it mean that only two DMRS types can be configured across all DL DCI formats?

	Spreadtrum
	Support the newly introduced UE capability to limit the number of configured DMRS types when multiple types are supported but cannot be configured simultaneously. 
If the capability is not reported, the proper implication would be only two DMRS types can be configured simultaneously across all DL DCI formats.

	Samsung
	@OPPO, Spreadtrum: Thanks for your question. 
Our thinking on the current specification (no such UE capability what we proposed) is that if a UE reports certain DMRS types by FG 2-10 and FG 40-4-1g, then there is no limitation on gNB side to configure only a limited number of DMRS types. For example, if a UE reports total 4 different DMRS types by FG 2-10 and FG 40-4-1g, then gNB can configure up to 4 DMRS types based on gNB’s own freedom, i.e., no limitation. Hence, from UE’s perspective, if a UE cannot support to be configured with a total number of DMRS types the UE reports, the UE should do under-reporting for FG 2-10 and FG 40-4-1g. For example, although a UE can support 4 different DMRS types, but if the UE can support only up to 2 different DMRS types to be configured, then the UE cannot report all 4 different DMRS types by FG 2-10 and FG 40-4-1g, but the UE may report only 2 DMRS types from 4, which could be under-reporting. Hence, based on this new UE capability, we think that this under-reporting issue could be resolved.

	Docomo2
	@Samsung, thank you for your explanation. It seems the same issue exist in R17, i.e. gNB may configure the following in R17, if UE supports R15 Type2 DMRS. 
· R15 DMRS Type1 for mappingTypeA for DCI1_1
· R15 DMRS Type2 for mappingTypeB for DCI1_1
· R15 DMRS Type1 for mappingTypeA for DCI1_2
· R15 DMRS Type2 for mappingTypeB for DCI1_2
So, the issue is not specific to R18 DMRS. Could you explain why this is necessary for R18 DMRS but not necessary for R15 DMRS?

	Samsung
	@Docomo, thanks for your further question. In your example, if I understand correctly, the total number of different DMRS types across all DCI formats is 2 (Rel-15 DMRS type 1 and 2). Yes, even for only two different DMRS types, some UEs cannot support to be configured simultaneously with two DMRS types, then the UE may report DMRS type 1 only. But this is only one or two, the problem may not be serious. That’s why we guess that UE vendors did not raise the issue.
But now, considering two new Rel-18 DMRS types, it could be up to 4 types. Then, even though a UE can support all of 4 DMRS types, due to management of MMSE coefficient filters for each type, the UE can only report a few number of DMRS types. Hence, to achieve better flexibility to gNB and considering UE’s limitation, it is informative for gNB to report the capability of the UE so that the total number of configured DMRS types can be controlled.

	vivo
	We can understand Samsung’s motivation to introduce the new UE feature. However, there is a conclusion achieved in the previous meeting that dynamic switching is not supported between Rel-15 DMRS and Rel-18 DMRS, though it is not explicitly specified in Rel-18 specification. 
Conclusion
Dynamic switching between R15 DMRS port and R18 DMRS port by a scheduling DCI is not supported in Rel-18
In our understanding, this conclusion implies that Rel-15 DMRS and Rel-18 DMRS can’t be configured in the same TDRA list to avoid the dynamic switching. Even for different DCI formats, e.g., DCI format 1_1 and 1_2, only the same DMRS (Rel-15 DMRS or Rel-18 DMRS) can be configured for both DCI formats, otherwise dynamic switching might happen when PDSCHs are scheduled by different DCI formats with different DMRS (Rel-15 DMRS or Rel-18 DMRS). In other words, only up to two DMRS types can be configured simultaneously with two DMRS reception procedure at UE side, which are Rel-15 DMRS type 1/2 or Rel-18 DMRS type 1/2. Therefore, the new UE feature is not needed.

	Samsung
	@vivo: Thanks for your review on our proposal. On the conclusion we made, our understanding is that it prohibits only by the same DCI format because it says “Dynamic switching between R15 DMRS port and R18 DMRS port by a scheduling DCI is not supported in Rel-18”, which is limited within a DCI. In other words, there is no restriction on dynamic switching between Rel-15 DMRS and Rel-18 DMRS by different DCIs, which means possible. Also, as mentioned in our tdoc, RRC parameters determining DMRS type for each PDSCH mapping type for each of DCI formats are different. Hence, it is possible for UE to be configured with up to 4 different DMRS types across all DCI formats.
FL: My understanding of the conclusion is the same as Samsung:
· “Dynamic switching between R15 DMRS port and R18 DMRS port by a scheduling DCI is not supported in Rel-18”.
· Dynamic switching between Rel-15 DMRS and Rel-18 DMRS by different DCIs is not precluded.

	vivo2
	@Samsung: Thanks for your reply. We think “by a scheduling DCI” doesn’t mean the same DCI format literally. We can see there is no “format”, just “a DCI” in the sentence, which means “a DCI” could be any DCI to schedule the following PDSCH. Maybe, different companies have different understanding about the “by a scheduling DCI”. But we believe the motivation of this conclusion is to avoid any case of dynamic switching for lower UE complexity. The case of dynamic switching caused by different DCI formats should also be avoided. Your motivation of this UE feature is also to reduce the UE complexity, we think we are on the same page. The only difference between us is that we think RAN1 already has a conclusion to avoid the proposed issue.

	Samsung
	@vivo: Thanks for your further response. If “by a scheduling DCI” means “any DCIs” to schedule the following PDSCH, which means that dynamic switching between Rel-15 and Rel-18 DMRS types by different DCIs is not allowed, then Rel-18 DMRS types could not be used at all, because DCI format 1_0 should only indicate Rel-15 DMRS type 1. Then, all UEs cannot be indicated by Rel-18 DMRS type. Hence, we think that the meaning of “by a scheduling DCI” in the conclusion is not “any DCIs” but “a certain DCI”, which means that dynamic switching between Rel-15 and Rel-18 DMRS types by different DCIs is possible. Maybe other companies can confirm which is the right understanding on the conclusion.

	Lenovo
	We also can understand Samsung’s motivation to introduce the new UE feature. Based on UE capability report from FG 2-10, it can used to decide whether type 1 or both type 1 and type 2 can be supported. Based on UE capability report from FG 40-4-1g, it can used to decide whether etype 1 or both etype 1 and etype 2 can be supported. With both capability report, we want check whether it is possible to use them for implicitly deciding the maximum number of configured DMRS types? For example, for maximum number of configured DMRS types as value “2”, UE capability report from FG 2-10 is set as ‘type 1’ and UE capability report from FG 40-4-1g is set as ‘etype 1’; for maximum number of configured DMRS types as value “3”, UE capability report from FG 2-10 is set as ‘both type 1 and type 2’ and UE capability report from FG 40-4-1g is set as ‘etype 1’; for maximum number of configured DMRS types as 4, UE capability report from FG 2-10 is set as ‘both type 1 and type 2’ and UE capability report from FG 40-4-1g is set as ‘both etype 1 and etype 2’.   

	vivo
	@Samsung: Yeah, you point pout a good case of dynamic switching between R15 DMRS scheduled by DCI 1_0 and R18 DMRS scheduled by DCI x_1. We think this case of dynamic switching is unavoidable if R18 DMRS is used, but which is a little different with other cases of dynamic switching caused by DCI x_1 (e.g., between DCI 1_1 and DCI 2_1). Because, for DCI 1_0, there is some default restrictions on R15 DMRS pattern, especially only port 1000 is used. That means the estimation procedure for DMRS scheduled by DCI 1_0 could be relatively simple, even as an independent module with low UE complexity. 
In many RAN1 discussions on dynamic switching with UE reception procedure, fallback cases were considered separately. We also welcome other companies’ views.

	Samsung
	@Lenovo: Thanks for your further review on our proposal. Yes, we have same understanding with you that the number of different DMRS types reported by current UE capabilities mean the maximum number of different DMRS types the UE can be configured with. Those are the understanding on the current two UE capabilities. On top of that, what we want to mention is, if a UE can support 4 different DMRS types but cannot be configured with more than 2 simultaneously, then the UE shall under report, i.e. reporting 2 DMRS types among 4, rather than its capability. From gNB side, if the UE reports only two DMRS types, from scheduling point of view, the only candidates the gNB can take is those reported two DMRS types. Rather, if the UE can report 4 different DMRS types and also report a new capability meaning maximum number of different DMRS types to be configured simultaneously (e.g., 2), then gNB can choose up to 2 DMRS types for the UE considering scheduling situation, which provide more freedom to to gNB configuring DMRS types to UEs. Hope this can clarify our intention.

	Huawei, HiSilicon
	Lengthy but educative discussion.
From our understanding, the essence of the newly introduced UE feature is to avoid too much dynamic switching (notice that the connotation of dynamic switching here is different from that in Rel.18 discussion, which refers to the switching between Rel.15 and Rel.18 DMRS) among different DMRS types (4 in total based on current spec.) during DMRS channel estimation. 
While, according to our memory, the dynamic switching between Rel.15 and Rel.18 incurred by scheduling DCI(s) is already precluded by the conclusion mentioned by vivo (the DCI format 1_0 is treated as ‘fall-back DCI’ rather than ‘scheduling DCI’ during the discussion). If Samsung is worried about the interpretation maybe a further clarification of the aforementioned conclusion can help.
Then the situation becomes that, if Samsung and other companies think the total amount of configured DMRS types should take the Rel.15 DMRS type 1 adopted by DCI format 1_0 into consideration, which means the total number of configured DMRS types can reach 3 (up to 2 before Rel.18), then a new UE feature seems not harmful; while if DCI format 1_0 is ignored when counting the total number of configured DMRS types, seems the current conclusion already satisfy Samsung’s reasonable appeal.

	New H3C
	Share similar view on this proposal with HW and VIVO

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	


3 Conclusion
FL: We made the following conclusion in RAN1#112. The question is whether “by a scheduling DCI” includes “by different DCI formats” (e.g. DCI 1_1 schedules PDSCH with R15 DMRS ports and DCI 1_2 schedules PDSCH with R18 DMRS ports).
	Conclusion
Dynamic switching between R15 DMRS port and R18 DMRS port by a scheduling DCI is not supported in Rel-18


Alt.1: “by a scheduling DCI” does not include “by different DCI formats”: FL, SS
Alt.2: “by a scheduling DCI” includes “by different DCI formats”: ZTE, HW

Alt.1:
FL Proposal for conclusion#0-1
Dynamic switching between R15 DMRS port and R18 DMRS port by different scheduling DCIs is supported in Rel-18.

Alt.2:
FL Proposal for conclusion#0-2
Dynamic switching between R15 DMRS port and R18 DMRS port by different scheduling DCI formats is not supported in Rel-18 (except for DCI format 1_0).

FL: The following is proposal from SS. 
FL Proposal 1
· Introduce a UE capability introducing the maximum number of configured DMRS types for across all DL DCI formats per cell (except DCI format 1_0).
Supported by SS, OPPO, Spreadtrum, Lenovo, Docomo
Not needed: vivo, HW, New H3C
2 
3 
4 
5 
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