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1. Introduction
At the RAN1#88bis meeting, the following agreements were achieved regarding NR-PDCCH support for MU-MIMO [1]: 
Agreements:
· MU-MIMO is supported NR-PDCCH using at least non-orthogonal DMRS.

· FFS: orthogonal DMRS for UE-specific NR-PDCCH

In this contribution, we discuss other aspects related to MU-MIMO support including DMRS aspects. 
2. Discussion
In the last meeting, the transmission scheme was extensively discussed and the following working assumption was achieved:
Working assumption:
· One-port transmit diversity scheme with REG bundling per CCE is used for NR-PDCCH

· FFS the bundling size

· FFS: REG bundling is also for localized mapping in time and/or frequency-domain
· Companies are encouraged to provide evaluation results for 10 MHz and 20 MHz for larger aggregation levels and 5 MHz and 10 MHz for smaller aggregation levels 
One straightforward way for the DMRS mapping for MU-MIMO is to reuse the same DMRS pattern used for the one-port transmit diversity scheme in order to reduce the complexity and the impact on specification. Consequently, an important issue is to how to assign and/or distinguish the DMRS antenna ports when at least two UEs are paired together for  MU-MIMO NR-PDCCH transmission. 
As described in the agreement listed above one mechanism is to introduce non-orthogonal DMRS for each UE. In contrast to data transmission, where the DMRS port(s) for a UE can be signaled in the DCI, the DMRS port for the NR-PDCCH must be semi-statically configured or derived from other information. One possibility is that the UE derives the DMRS antenna port from a UE ID. The DMRS sequence could be generated as a function of the UE ID and a cell-specific or beam-specific ID. For non-orthogonal DMRS this would place some scheduling restrictions on which UEs can be paired for MU-MIMO transmission.
Proposal 1: The NR-PDCCH DMRS sequence is generated based on the UE identity and a cell-specific or beam-specific ID.

Beside non-orthogonal DMRS, orthogonal DMRS should also be considered. One way is to introduce OCC in order to make sure the different DMRSs used for different UEs are orthogonal. For example the OCC could be applied at least in the frequency domain to support MU-MIMO in a control resource set consisting of a single OFDM symbol as shown in Figure 1A.The OCC could be used to mask the DMRS sequence within one REG or one REG group. The length of OCC is determined by the number of DMRS REs which should be covered by the OCC. In addition, time domain OCC could also be considered if more than one OFDM symbol is occupied by a candidate as shown in Figure 1B. The OCC used for the DMRS related to one UE could be determined by different mechanism, either implicit or explicit. 
· The OCC index related to a UE could be determined via implicit method. For example, the OCC index could be derived as a function of the UE ID. 
· The OCC index related to a UE could be indicated by the gNB. For example, the gNB could inform UE which OCC is used to cover its DMRS sequence via RRC signaling.
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Figure1: Illustration of DMRS antenna port selection based on OCC selection
Proposal 2: Consider DMRS antenna port selection based on OCC where the OCC is at least a function of the UE ID.

3. Conclusion
In this paper we discuss several mechanisms to determine the DMRS used for UE. We have the following proposal,
· Proposal 1: The NR-PDCCH DMRS sequence is generated based on the UE identity and a cell-specific or beam-specific ID.  
· Proposal 2: Consider DMRS antenna port selection based on OCC where the OCC is at least a function of the UE ID.
4. Reference
[1]. RAN1#88bis meeting chairman’s notes, 3rd - 7th April 2017[image: image2.png]



PAGE  
1

_1555582215.vsd
OCC0:[+1 +1 +1 +1]
OCC1:[+1 -1 +1 -1]



OCC0:[+1 +1]
OCC1:[+1 -1]


A


B


Time


Frequency



