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Introduction

In RAN#94e, the following was agreed for the enhancement of the DMRS ports in downlink and uplink in Rel. 18 [1].
	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



In this contribution, aspects regarding MU-MIMO scheduling restrictions are discussed. 
[bookmark: _GoBack]MU-MIMO scheduling restrictions

In RAN1#112-bis, the following was agreed on this topic [2]:

	Conclusion
For MU-MIMO within a CDM group between Rel.15 DMRS ports and Rel.18 DMRS ports,
· For PUSCH, there is no restriction.



In RAN1#111 [3], it has been agreed that up to 4 layers per UE can be indicated for Rel. 18 UEs within the same CDM group, at least for S-TRP. As agreed in RAN1#110-bis-e in the case of scheduling Rel. 15 and Rel. 18 MU-MIMO users [4], there shall be no restrictions between two Rel. 18 UEs scheduled in two different CDM groups either for the PDSCH or PUSCH. However, with support for up to 4 layers within the same CDM group for Rel. 18 DMRS, when two or more layers are scheduled for a UE, it is preferable for the network to avoid scheduling any other user in the same CDM group to avoid significant degradation of PDSCH performance and channel estimation accuracy. With a spec-mandated rule possibly restrictive of network implementation, the UE shall at least not be expected to handle such a scheduling. 

Proposal 1: For UE scheduled with Rel. 18 DMRS ports, at least when more than two layers of the PDSCH are scheduled for a UE, the UE shall not be expected to handle any other user in the same CDM group.

In the case of co-scheduled Rel. 15 and Rel. 18 UEs, similar restriction for scheduling within a CDM group can be adopted. In the case that only legacy port indices are used for the Rel. 18 UE, the restrictions in Rel. 17 can be automatically adopted. If the Rel. 18 UE uses new port indices, scheduling a Rel. 15 UE with DMRS ports within the same CDM group as the Rel. 18 UE shall be avoided by the network. 

Proposal 2: For co-scheduled Rel. 15 and Rel. 18 UEs, 
· If legacy port indices are used for the Rel. 18 UE, the restrictions in Rel. 17 can be automatically adopted. 
· If a Rel. 18 UE uses new port indices, the network shall avoid scheduling a Rel. 15 UE with DMRS ports within the same CDM group as the Rel. 18 UE.
· Note: As restricting such scheduling can affect network flexibility, the UE shall at least not be required to handle such cases. 
Clarification regarding CDM groups without data during MU scheduling

As described in [3], the text in TS 38.214 mentions the following regarding the availability of data according to the indicated number of CDM groups without data:

	When receiving PDSCH scheduled by DCI format 1_1, the UE shall assume that the CDM groups indicated in the configured index from Tables 7.3.1.2.2-1, 7.3.1.2.2-1A, 7.3.1.2.2-2, 7.3.1.2.2-2A, 7.3.1.2.2-3, 7.3.1.2.2-3A, 7.3.1.2.2-4, 7.3.1.2.2-4A of [5, TS. 38.212] contain potential co-scheduled downlink DM-RS and are not used for data transmission, where "1", "2" and "3" for the number of DM-RS CDM group(s) in Tables 7.3.1.2.2-1, 7.3.1.2.2-1A, 7.3.1.2.2-2, 7.3.1.2.2-3, 7.3.1.2.2-3A, 7.3.1.2.2-4, 7.3.1.2.2-4A of [5, TS. 38.212] correspond to CDM group 0, {0,1}, {0,1,2}, respectively.



A common understanding regarding the applicability of the phrase “are not used for data transmission” is required. According to the two interpretations provided in [3], the phrase may be applied only to the target UE or all co-scheduled UEs in a multi-user scenario. The implications of the two interpretations are as follows:
· Interpretation 1: Only the target UE’s data is not transmitted on the indicated CDM groups.
· There is no restriction on the value of “number of CDM groups without data” across the co-scheduled UEs. A lower value for “number of CDM groups without data” for a co-scheduled UE than the target UE means that the co-scheduled UE’s data may be present in a CDM group where there is no target UE data. This interpretation might affect MU performance due to data-DMRS interference. 
· Interpretation 2: All the co-scheduled UEs do not use the indicated CDM groups for data transmission. 
· The value of “number of CDM groups without data”, in this case, is expected to be identical across all co-scheduled UEs.
· The number of available orthogonal ports for MU scheduling is restricted by the number of CDM groups without data. For example, in Rel. 15-17 DMRS configuration type 1, with maxLength=1 and number of CDM groups without data = 2, there are four ports available for data transmission across all UEs: ports 0, 1, 2, 3. On the other hand, if the number of CDM groups without data = 1, the available ports for data transmission are only 0 and 1. If this interpretation is the common understanding, the MU-MIMO restriction mentioned in TS 38.214 for port indices 2 and 10 for both DMRS configuration type 1 and type 2 are unnecessary as the port indices already comprise all the possible port indices for the given number of CDM groups without data. 
Proposal 3: RAN1 shall clarify if the phrase “not used for data transmission” in the following text in TS 38.214 applies only to the target UE or all co-scheduled UEs.

	“When receiving PDSCH scheduled by DCI format 1_1, the UE shall assume that the CDM groups indicated in the configured index from Tables 7.3.1.2.2-1, 7.3.1.2.2-1A, 7.3.1.2.2-2, 7.3.1.2.2-2A, 7.3.1.2.2-3, 7.3.1.2.2-3A, 7.3.1.2.2-4, 7.3.1.2.2-4A of [5, TS. 38.212] contain potential co-scheduled downlink DM-RS and are not used for data transmission…”


Observation: If “number of CDM groups without data” implies no UE shall transmit data in the indicated CDM groups in a MU-scenario, the MU-MIMO restriction mentioned in TS 38.214 for port indices 2 and 10 for both DMRS configuration type 1 and type 2 are unnecessary as the port indices already comprise all the possible port indices for the given number of CDM groups without data. 
Conclusion

The following proposals and observation are made in the discussions in this contribution. 

Proposal 1: For UE scheduled with Rel. 18 DMRS ports, at least when more than 2 layers of PDSCH are scheduled for a UE, the UE shall not be expected to handle any other user in the same CDM group.

Proposal 2: For co-scheduled Rel. 15 and Rel. 18 UEs, 
· If legacy port indices are used for the Rel. 18 UE, the restrictions in Rel. 17 can be automatically adopted. 
· If Rel. 18 UE uses new port indices, the network shall avoid scheduling a Rel. 15 UE with DMRS ports within the same CDM group as the Rel. 18 UE.
Proposal 3: RAN1 shall clarify if the phrase “not used for data transmission” in the following text in TS 38.214 applies only to the target UE or all co-scheduled UEs.

	“When receiving PDSCH scheduled by DCI format 1_1, the UE shall assume that the CDM groups indicated in the configured index from Tables 7.3.1.2.2-1, 7.3.1.2.2-1A, 7.3.1.2.2-2, 7.3.1.2.2-2A, 7.3.1.2.2-3, 7.3.1.2.2-3A, 7.3.1.2.2-4, 7.3.1.2.2-4A of [5, TS. 38.212] contain potential co-scheduled downlink DM-RS and are not used for data transmission…”


Observation: If “number of CDM groups without data” implies no UE shall transmit data in the indicated CDM groups in a MU-scenario, the MU-MIMO restriction mentioned in TS 38.214 for port indices 2 and 10 for both DMRS configuration type 1 and type 2 are unnecessary as the port indices already comprise all the possible port indices for the given number of CDM groups without data. 
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