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[bookmark: OLE_LINK3]Introduction
In RAN#94 meeting, Rel-18 WID of further enhancements on NR MIMO is approved in which a particular point is for DMRS enhancements, targeting for both UL and DL. The detail is given as follows [1].
	3. Study, and if justified, specify larger number of orthogonal DMRS ports for downlink and uplink MU-MIMO (without increasing the DM-RS overhead), only for CP-OFDM,
· Striving for a common design between DL and UL DMRS
· Up to 24 orthogonal DM-RS ports, where for each applicable DMRS type, the maximum number of orthogonal ports is doubled for both single- and double-symbol DMRS
5. Study, and if justified, specify UL DMRS, SRS, SRI, and TPMI (including codebook) enhancements to enable 8 Tx UL operation to support 4 and more layers per UE in UL targeting CPE/FWA/vehicle/Industrial devices
· Note: Potential restrictions on the scope of this objective (including coherence assumption, full/non-full power modes) will be identified as part of the study.


In this contribution, we provide our views on the remaining issues of DMRS enhancements for MU-MIMO and 8 Tx UL SU-MIMO. 
Remain issue on Rel-18 DMRS ports
2.1 Issue 1: FD-OCC misalignment of Rel-18 eType1 DMRS in MU-MIMO
[bookmark: OLE_LINK21][bookmark: OLE_LINK18][bookmark: OLE_LINK15]In RAN1#110bis-e meeting, the scheduling restriction was agreed for Rel-18 eType1 DMRS [2], further restriction for M-TRP PDSCH transmission with FDM 2a and FDM 2b scheme was agreed in RAN1#114 meeting [3], and whether additional restrictions are needed for MU-MIMO was discussed in RAN1#114bis meeting [4].
	Agreement
For FD-OCC length 4 in Rel.18 eType 1 DMRS for PDSCH, support the following: 
· Introduce UE capability to report whether UE can be scheduled PDSCH without the scheduling restriction for FD-OCC length 4 in Rel.18 eType 1 DMRS. 
· If this capability is not supported by the UE, UE expects that gNB shall apply the scheduling restriction for PDSCH for FD-OCC length 4 in Rel.18 eType 1 DMRS.
· The scheduling restriction above means satisfying all of the following at least for other than M-TRP PDSCH transmission with FDM 2a or FDM 2b scheme. 
· 1) The number of consecutively scheduled PRBs for PDSCH is even.
· 2) The number of PRBs offset of scheduled PDSCH from point A (common resource block 0) is even.
· 3) FFS: Restriction on scheduling of different UEs in case of MU-MIMO.
· FFS: Scheduling restriction for M-TRP PDSCH transmission with FDM 2a or FDM 2b scheme.
· Note1: Up to UE how to implement DMRS channel estimation.
· Note2: No further RAN1 specification enhancement is introduced to handle the orphan REs (e.g. if the total number of REs of DMRS in a CDM group is not multiples of 4, how to handle the remainder of REs) for UE that is scheduled PDSCH without the scheduling restriction.
· Note 3: Other scheduling restrictions, if identified in future meetings, are not precluded.
Conclusion
For FD-OCC length 4 in Rel.18 eType 1 DMRS for PUSCH,  
· No spec. enhancement is needed to handle orphan RE issue (e.g. if the total number of REs of DMRS in a CDM group is not multiples of 4, how to handle the remainder of REs), because gNB (receiver) can decide whether the scheduling restriction is needed or not. 
Agreement
If UE does not support the orphan RE capability (i.e. UE can receive PDSCH without the scheduling restriction for FD-OCC length 4 in Rel.18 eType 1 DMRS), all the following scheduling restriction is applied for PDSCH transmission with fdmSchemeA or fdmSchemeB:
· 1) The number of consecutively scheduled PRBs for PDSCH for each TCI-state is even.
· [bookmark: OLE_LINK1]If the precoding granularity is set to ‘wideband’, the total number of PRBs allocated to UE should be multiple of 4 to ensure the number of consecutively scheduled PRBs for PDSCH for each TCI-state is even.
· 2) The number of PRBs offset of scheduled PDSCH for each TCI-state from point A (common resource block 0) is even.
Updated Proposal 2.5.2B4
For Rel.18 DMRS eType1 for PDSCH, if DMRS ports of an UE and its co-scheduled UE(s) are from the same DMRS CDM group, for the consecutively scheduled PRBs of the UE overlapped with that of co-scheduled UE(s), and the UE is not indicating UE capability of [noSchedulingRestriction-r18], the UE expects that the following two conditions satisfied in the same time:
· (1) the offset between the first scheduled PRBs of the UE and its co-scheduled UE(s) is even.
· (2) the length of a set of consecutively scheduled PRBs of the UE and co-scheduled UE(s) is even.


As per the discussion in the last meeting, one remaining issue still should be considered, i.e., FD-OCC misalignment of Rel-18 eType1 DMRS in MU-MIMO, and one use case was figured out by companies. As illustrated in Figure 1, it assumes that the target UE1 is not able to handle orphan RE issue (a.k.a. with the scheduling restriction for FD-OCC length 4 in Rel.18 eType 1 DMRS) while the co-scheduled UE2 is able to handle the orphan RE issue (a.k.a. without the scheduling restriction for FD-OCC length 4 in Rel.18 eType 1 DMRS), where UE1 is indicated with Rel-18 eType1 DMRS port#0 with FD-OCC code [+1, +1, +1, +1] and UE2 is indicated with Rel-18 eType1 DMRS port#8 with FD-OCC code [+1, +1, -1, -1] within the same CDM group. Furthermore, UE1 is scheduled with 4 consecutive PRBs and UE2 is scheduled with 2 consecutive PRBs as shown in Figure 1, where the overlapped part is PRB1 and PRB2. Consequently, it can be noted that FD-OCC misalignment 1 marked in red may introduce the non-orthogonality on the first 2 REs of PRB1 for UE1, because REs# {0, 2} of PRB1 is bundled with REs# {8, 10} of PRB0 for UE1 with FD-OCC of [+1, +1, +1, +1] and REs# {0, 2} of PRB1 for UE2 are associated with FD-OCC of [-1, -1]. Likewise, FD-OCC misalignment 2 marked in blue may also introduce a non-orthogonal DMRS port on the last 2 REs of PRB2 for UE1, because REs# {0, 2} of PRB3 is bundled with REs# {8, 10} of PRB2 for UE1 with FD-OCC of [+1, +1, +1, +1], and REs# {8, 10} of PRB2 for UE2 are associated with FD-OCC of [+1, +1].
[image: ]
Figure 1: PRB offset of the first scheduled PRB is odd (i.e., 1) between UEs in MU-MIMO
In order to address this issue, it was figured out by companies that two scheduling restrictions can be considered to address these two parts of FD-OCC misalignment as follows:
· Restriction 1: Specify that the all the scheduled UEs should be scheduled with an even PRB offset from the first scheduled PRB. 
As shown in Figure 2, the PRB offset between the first scheduled PRB of UE1 and UE2 is even (e.g., 0 in Figure 2), and then DMRS ports are orthogonal in PRB1 compared with the scheduling of UE2 in Figure 1. However, another issue should be noticed. If the overlapped of consecutively scheduled PRBs is odd, (e.g., 3 PRBs in Figure 2), the FD-OCC misalignment 2 still exists. As illustrated in Figure 2, DMRS port#0 with FD-OCC of [+1, +1] on REs {8, 10} of PRB2 for UE1 is not orthogonal with DMRS port#8 with FD-OCC of [+1, +1] on the same REs for UE2. In this case, another scheduling restriction 2 should be further considered.

[image: ]
[bookmark: OLE_LINK8]Figure 2: PRB offset of the first scheduled PRB is even (i.e., 0) between UEs in MU-MIMO
· Restriction 2: Specify that the length of overlapped PRBs of consecutively scheduled PRBs between UE1 and UE2 is even. 
As shown in Figure 3, one more scheduling restriction is introduced about the length of overlapped of consecutively scheduled PRBs between the target UE1 and its co-scheduled UE2. Compared with Figure 2, the FD-OCC misalignment 2 on the orphan overlapped PRB (i.e. PRB2) could be avoided.
[image: ]
Figure 3: The length of overlapped of consecutively scheduled PRB is even (i.e., 2) between UEs in MU-MIMO
To address the issue of interference introduced by FD-OCC misalignment of Rel-18 eType1 DMRS in MU-MIMO, it is proper to utilize the updated proposal 2.5.2B4 that reached in the last meeting as the starting point for way forward. Consequently, we have the following proposal and text proposal.
[bookmark: OLE_LINK7][bookmark: OLE_LINK14][bookmark: OLE_LINK2][bookmark: OLE_LINK9][bookmark: OLE_LINK6]Proposal 1: For Rel.18 DMRS eType1 for PDSCH, if DMRS ports of an UE and its co-scheduled UE(s) are from the same DMRS CDM group, and the UE is not indicating UE capability of [noSchedulingRestriction-r18], the UE expects that, for the consecutively scheduled PRBs of the UE overlapped with that of co-scheduled UE(s),
· the offset between the first PRB of the consecutively scheduled PRBs of the UE and its co-scheduled UE(s) is even.
· the length of overlapped PRBs between the consecutively scheduled PRBs of the UE and co-scheduled UE(s) is even.
Reason for change:
For MU-MIMO with DM-RS configuration enhanced type1, when the consecutively scheduled PRBs for a UE is not fully overlapped with those for its co-scheduled UEs in MU-MIMO, if DMRS ports of the UE and its co-scheduled UEs are from the same DMRS CDM group, and if the UE is not indicating with UE capability of [noSchedulingRestriction-r18], the offset of the first scheduled PRBs of PDSCH between the UE and its co-scheduled UEs should not be odd. Further, the length of overlapped PRBs of consecutively scheduled PRBs between the UE and its co-scheduled UEs should not be odd. Otherwise, the orthogonality of the scheduled DMRS ports in MU-MIMO scenario may be broken, which deviates from the motivation of the increased orthogonal DMRS ports in Rel-18.
Summary of change:
In TS 38.214, capture that for MU-MIMO with DMRS configuration enhanced type1, UE expects that an offset of the first scheduled PRBs of PDSCH between the UE and its co-scheduled UEs is even and the length of overlapped PRBs of the consecutively scheduled PRBs is even, for the DMRS ports of the UE and its co-scheduled UEs are from the same DMRS CDM group and the UE is not indicating with UE capability of [noSchedulingRestriction-r18].
Consequence if not approved:
Rel-18 eType 1 DMRS ports cannot be orthogonal when scheduled in MU-MIMO scenario.
Text Proposal 1: Adopt the following changes in section 5.1.6.2, CR38.214 [5].
	5.1.6.2	DM-RS reception procedure
<Unchanged parts are omitted>
For DM-RS configuration enhanced type 1, when UE is not indicating UE capability of [noSchedulingRestriction-r18], the UE shall assume the number of consecutively scheduled PRBs are even, and the offset of the scheduled PRB from common resource block 0 is even number. 
For DM-RS configuration enhanced type 1, 
-	if a UE is configured with the higher layer parameter repetitionScheme set to 'fdmSchemeA' or ‘fdmSchemeB’, and is indicated with two TCI states in a codepoint of the DCI field 'Transmission Configuration Indication' and DM-RS port(s) within one CDM group in the DCI field 'Antenna Port(s)',
-	if a UE is not indicating UE capability of [noSchedulingRestrictionForFDMSchemes-r18], the UE shall assume that the number of consecutively scheduled PRBs for PDSCH for each TCI-state is even, and the offset of each set of consecutively scheduled PRB from common resource block 0 for PDSCH for each TCI-state is even number.
-	otherwise,
-	if the UE is not indicating UE capability of [noSchedulingRestriction-r18], the UE shall assume the number of consecutively scheduled PRBs for PDSCH is even, and the offset of each set of consecutively scheduled PRB for PDSCH from common resource block 0 is even number.
For DM-RS configuration enhanced type1, when the remaining orthogonal antenna port(s) in the same CDM group of an UE are associated with transmission of PDSCH to its co-scheduled UE(s), if the UE is not indicating UE capability of [noSchedulingRestriction-r18], for the consecutively scheduled PRBs of the UE overlapped with that of its co-scheduled UE(s), the UE shall assume that an offset of the first PRB of consecutively scheduled PRBs of PDSCH between the UE and its co-scheduled UE(s) is even number, and the length of overlapped PRBs between the consecutively scheduled PRBs of the UE and its co-scheduled UE(s) is even number.
<Unchanged parts are omitted>


[bookmark: OLE_LINK11][bookmark: OLE_LINK10]
Conclusion
[bookmark: _GoBack]In this contribution, we provide our views on the remaining issues of DMRS enhancements for MU-MIMO, and we have the following proposal. Then, the corresponding text proposal can be found in the above section.
Proposal 1: For Rel.18 DMRS eType1 for PDSCH, if DMRS ports of an UE and its co-scheduled UE(s) are from the same DMRS CDM group, and the UE is not indicating UE capability of [noSchedulingRestriction-r18], the UE expects that, for the consecutively scheduled PRBs of the UE overlapped with that of co-scheduled UE(s),
· the offset between the first PRB of the consecutively scheduled PRBs of the UE and its co-scheduled UE(s) is even.
· the length of overlapped PRBs between the consecutively scheduled PRBs of the UE and co-scheduled UE(s) is even.
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