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1. [bookmark: _Toc120549591]Introduction
In RAN1 #92 meeting, one issue regarding to the group/sequence hopping and symbol index for DFT-S-OFDM PUSCH DMRS is discussed, and it is unveiled by several contributions that, symbol-based sequence hopping destroys the orthogonality between multiple users which are scheduled with partial overlapping PRBs in the case when TD-OCC is used. In this contribution, the details for such issue is discussed and the corresponding solution is provided.
2. Discussion on sequence hopping for DFT-S-OFDM PUSCH DMRS
For the DFT-s-OFDM based PUSCH transmission pattern, the DMRS are mapped to resource elements using a comb structure (IFDMA), with supported (repetition factor, CS) combinations as (2,2). Regarding to the sequence, either ZC sequence or CGS is applied, and which to use depends on the sequence length. In addition, the sequence hopping for ZC sequence can be enable or disable. Nonetheless, the sequence hopping is per symbol, i.e., for each symbol the sequence shall be different if the sequence hopping function is enabled. 
In the RAN1#92 meeting, it was discussed in several contributions and online/offline about the reduction of MU capability when the per-symbol sequence hopping function of DFT-s-OFDM DMRS is enabled. Specifically, when the UEs with different number of scheduled PRBs are scheduled together in UL MU manner, the cyclic shift function for orthogonal DMRS can not be applied. If one symbol DMRS is configured, maximum of 2 UEs can be multiplexed in orthogonal manner based on the 2-comb of the DMRS. If two symbols DMRS are configured, considering the per-symbol sequence hopping is applied, time domain OCC is no longer valid, still only maximum of 2 UEs can be multiplexed in orthogonal manner. In other word, when the UEs with different number of scheduled PRBs are scheduled together in UL MU manner, maximum of 2 UEs can be multiplexed together, which will restrict the UL transmission capacity. 
[bookmark: _GoBack]To solve this issue, one simple solution is to change the per-symbol sequence hopping function to per-slot hopping, which has already been applied in LTE. In such way, the DMRS sequences in two adjacent symbols of a slot are the same, which means TD-OCC can still be applied to achieve more orthogonal DMRS ports, so that the UL MU capability can be enhanced to 4 UEs.  
During the discussion in last RAN1 meeting, the main argument for not supporting the simple solution is that the DFT-s-OFDM based PUSCH transmission is mainly configured for cell-edge UEs. For cell-edge UEs, if MU is applied, the intra-cell and inter-cell interference might be increased, which means that it seems to be not necessary to multiplexing large number of UEs in MU manner so as to ensure the performance of cell-edge UEs. From our perspective, even for DFT-s-OFDM based PUSCH, uplink MU transmission is still important to enhance the uplink capacity considering the following aspects: 1) For TDD NR system with heavy DL/UL ratio configuration, the uplink transmission resources are rare. It is necessary to support as much as possible solutions to enhance the uplink system capacity from system perspective. 2) The NR gNB is envisioned to be equipped with massive antennas, e.g., 64 antenna ports at gNB, thus it is possible for gNB to handle the intra-cell and inter-cell MU interference based on the plentiful spatial degree of freedom. In addition, the gNB can schedule UEs with almost orthogonal channels to be paired together, so that the intra-cell MU interference is negligible. 
Another argument on not supporting per-slot sequence hopping is that, if 4UE MU is desired to be scheduled, the sequence hopping function can be disabled to support 4UE MU transmission. Considering the interference randomization benefit, it is not desired to disable the sequence hopping function in those scenarios with strong inter-cell interference. In addition, the configuration of sequence hopping is in semi-static RRC manner, while the scheduling of SU/MU can be in dynamic manner. If the sequence hopping is disabled to support maximum of 4UE MU, the inter-cell interference randomization benefits will be lost even when the scheduling is performed in SU transmission. Thus it is not preferred to disable the sequence hopping function to achieve more MU capability. 
Proposal: For the DFT-s-OFDM based PUSCH transmission, revise the per-symbol sequence hopping of DMRS to per-slot sequence hopping, so as to support maximum of 4UEs MU transmission without scheduling restriction. 
3. Conclusion
In this contribution, the sequence hopping for DFT-S-OFDM PUSCH DMRS is discussed and we propose: 
Proposal: For the DFT-s-OFDM based PUSCH transmission, revise the per-symbol sequence hopping of DMRS to per-slot sequence hopping, so as to support maximum of 4UEs MU transmission without scheduling restriction. 

