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Introduction
[bookmark: _Ref178064866]In this contribution, we provide discussion on the following two issues:
· Signalling of DMRS power boosting
· Solution for the DMRS symbol power imbalance introduced by TD-OCC
Power boosting of DMRS 
To increase spectral efficiency or/and channel estimation performance, it was agreed that in the meeting RAN1_90 NR#3 [1] that 
· NR support FDM between DMRS and data in the DMRS symbols,
· NR support signalling for rate matching in the DMRS symbols.
The purpose is to introduce flexibility that when there are empty REs which are not occupied by RS in the DMRS symbol, there exist options either using them for data or keeping them empty while allocating the equal power to the DMRS symbol as the data symbols. In our evaluations [2], it is shown that at least for low SNR scenarios power boosting the DMRS REs can achieve better BLER performance for a fixed payload transmission. Therefore, power boosting the DMRS REs needs to be supported by NR. 
To summarize, the actual power boosting coefficient should be determined following two principles:
· Equal power of symbols: The aim of boosting on the DMRS REs is to lead the equal power of the DMRS symbol as the data symbols for every UE,
· Flexibility of FDM and non-FDM between data and DMRS in the DMRS symbol. 
Therefore, the key parameters for power boosting are the number of DMRS REs and the number of data REs in the DMRS symbol. Considering the agreement in RAN1_90b that
· A UE in MU-MIMO should be scheduled ports first within a specific CDM group, and then across CDM groups from UE perspective,  
the power boosting ratio in dB can be determined as follows:

Because of the number of CDM groups are limited, the actual power boosting ratio is limited to only a few values. In order to reduce the signalling of power boosting, the CDM groups can be scheduled in a pre-predefined order. For instance, if a UE sees its DMRS ports exist in the CDM-group 2, it is valid to assume that the CDM-group 1 contains DMRS ports for other UEs, therefore, the data allocation can only be limited in CDM-group 3. By this means, UEs are informed the occupied CDM-groups by the DMRS from other UEs implicitly. Combining with the actually power boosting ratio, the data allocation in DMRS symbols is informed to UEs implicitly. 
[bookmark: _Toc498705874]In the MU-MIMO transmission, UEs are scheduled with DMRS ports according to a specific order formed by the CDM-group indices, for instance, in the order of CDM-group 1, 2, 3.  
[bookmark: _GoBack]Following the order of CDM group 1, 2, and 3 for DMRS ports assignment, consider the MU-MIMO scheduling from the UE perspective. The power boosting ratio will be limited to the following cases, each containing information regarding the unique DMRS port and data allocation.
For type-1, there will be only 2 values for :
· dB. A UE can assume that there is data allocation in the other CDM-group,
· dB. A UE can assume that there won’t be any data in the other CDM-group. 
For type-2, there will be 3 values for :
· dB. A UE can assume that there is data allocation in the other CDM groups,
· dB. A UE with ports in either CDM group1 or group2 can assume data allocation in CDM group3,
· dB. No data in any CDM group (power boosting of DMRS in the own and other CDM groups).
Therefore, for type-1 DMRS,  can be 0dB and -3dB, while for type-2 DMRS,  can be 0dB, -3dB, and -4.77dB. In order to make MU-MIMO transmission transparent, gNB should signal the power boosting ratio to UEs. For type-1 DMRS, this additional signalling can be represented in 1 bit. For type-2 DMRS, the additional signal can be represented in maximum 2 bits. An important observation is that regardless of SU or MU-MIMO, the power boosting ratio will be limited to be 0, -3dB for type-1 and 0, -3, -4.77dB for type-2. Moreover, the same power boosting ratio in both SU- and MU-MIMO transmission implies the same data allocation in the DMRS symbols. 
For both SU and MU-MIMO transmission, the power boosting ratio is limited to be {0, -3} dB for type-1 and {0, -3, -4.77} dB for type-2. 
For a specific DMRS configuration type, the power boosting ratio indicates the same data allocation for both SU and MU-MIMO transmission. 
Therefore, if the power boosting ratio is signalled to the UE(s), MU-MIMO can be transparent. We propose the following:
[bookmark: _Hlk498695134][bookmark: _Toc498705875]The power boosting ratio of DMRS should be dynamically signalled to UEs (or equivalently encode this additional signalling in the port mapping) for transparent MU-MIMO.  
Figure 1 illustrates the power boosting ratio for an example that 2 co-scheduled UES in the MU-MIMO scenario with independent transmission ranks, namely, rank-4 and rank-1, respectively. Type-2 DMRS configuration is used in this example. Note that the actually number of transmission ranks of each UE is not related to the power boosting ratio. 
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[bookmark: _Ref498690164][bookmark: _Ref497919918]Figure 1 Illustration of DMRS power boosting for MU-MIMO
Power imbalance of DMRS symbols
A known problem that was previously discussed regarding time domain OCC is that it will introduce power imbalance across DMRS REs in the time domain. According to the specification TS38.211, in case of 4-port multiplexing in a CDM group, the following OCC assignment appears, e.g., using DMRS type-2:
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[bookmark: _Ref498000075]Figure 2 Power imbalance of DMRS in time domain
Figure 2 illustrate the worst-case power imbalance issue introduced by F-T-OCC. When the precoding weight for each layer equals to each other, i.e., , the peak relative power will only appear in the first DMRS symbol. 
A straightforward way to solve this issue is to shuffle the OCC code assignment such that peak power DMRS REs appear uniformly across two DMRS symbols. As shown in Figure 3, by changing the OCC assignment in one of the OCC group, the peak power on DMRS REs can be moved to the 2nd DMRS symbol for balance in the time domain. Note that the based on this solution, for type-1 DMRS it is not perfectly balanced between two DMRS symbols. In order to allocate the peak power DMRS REs uniformly, for even number of PRB allocations, we can pair PRBs to make the allocation evenly distributed across two symbols, as shown in Figure 4. For Type-2 DMRS, the peak power can be uniformly allocated regardless of the number of PRB allocations based on the OCC order shuffling. 
[bookmark: _Toc498705876]Shuffling the OCC order in PRBs should be considered to balance the peak power on DMRS symbols in the time domain.   
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[bookmark: _Ref498002734]Figure 3 Reverse OCC assignment in one PRB
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[bookmark: _Ref498005054]Figure 4 OCC shuffling in paired PRBS
Note that the power imbalance issue occurs for both DMRS and CSI-RS as TD-OCC is introduced in both of the reference signals. Therefore, we propose a similar specification based solution for CSI-RS as described in [3].
Conclusions
In this contribution, we made the following proposals:
Proposal 1	In the MU-MIMO transmission, UEs are scheduled with DMRS ports according to a specific order formed by the CDM-group indices, for instance, in the order of CDM-group 1, 2, 3.
Proposal 2	The power boosting ratio of DMRS should be dynamically signalled to UEs (or equivalently encode this additional signalling in the port mapping) for transparent MU-MIMO.
Proposal 3	Shuffling the OCC order in PRBs should be considered to balance the peak power on DMRS symbols in the time domain.
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