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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1 NRAH2, the agreements regarding DMRS PTRS association are as follows:
Agreements:
· [bookmark: OLE_LINK5][bookmark: OLE_LINK6]If one DL PT-RS port is configured for a DL DM-RS port group, the DL PT-RS port and one DL DM-RS port in the DL DM-RS port group are associated for phase tracking, the association is determined in the specification
· FFS details for the association
· If one DL PT-RS port is configured for a DL DM-RS port group, the DL PT-RS port is associated with:
· Alt 1: the lowest DL DM-RS port in the DL DM-RS port group.
· Alt 2: one DL DM-RS port in the DL DM-RS port group in a RB, where the one DL DM-RS port may vary across RBs
· Other alternatives are not precluded
· To conclude with one alternative next meeting
· FFS the case of two codewords
In this contribution, we discuss the pros and cons of Alt1 and Alt2, as well as the remaining issues.
2 Discussion
2.1 PTRS associated with DMRS port 0
With Alt 1, PTRS port is always associated with DMRS port 0. This makes the PTRS to share the same precoding vector of DMRS port 0. However, the SINRs on different DMRS ports are different, and the port with the highest SINR may change depending on the channel characteristics. To provide the best phase tracking performance, it is preferred to associate PTRS with the DMRS port with the largest SINR.
To provide the largest SINR for DMRS port 0, precoder permutation can be used. With precoder permutation, DMRS port 0 is always associated the largest singular value of the channel. Meanwhile, data layer 0 is also always associated with the largest singular value of the channel. There are three options to solve the precoder permutation issue.
· Option 1: eNB derives SINR for each layer.
If the eNB derives the SINR for each layer by measurement on the uplink RS, it can swap the precoding vector for layer 0 and the largest SINR layer, and recalculate CQI for both CWs based on the new precoding vector.
· Option 2: eNB swaps MCS/TBS based on reported CQIs for two CWs.
If there are only CQIs for the two CWs available, the eNB can’t derive the SINR for each layer. In this case, the eNB can compare the CQI value of the two CWs. If the CQI of CW1 is better than that of CW0, the eNB can exchange the precoding vector of layer 0 and the first layer of CW1.The eNB can also exchange the precoding vectors of all the CW0 layers and the CW1 layers. After precoding vector exchange, MCS/TBS for the two CWs are swapped. When the precoding vector permutation is between  layer 0 and the first layer of CW1, the swapped MCS/TBS is not accurately matched to the channel status and precoding matrix of each CW. When the precoding vector permutation is between layer groups of two CWs, the swapped MCS/TBS can accurately reflect the channel status and the precoding operation.
· Option 3: UE assisted precoder permutation at eNB side
The precoder permutation can also be performed at the UE side. After channel measurement of each layers based on DL RS, the UE can derive SINR for each layers. If layer 0 is not the largest SINR layer, it can swap the percoding vector for layer 0 and the largest SINR layer, and recalculate CQI values based on the swapped precoding vectors. When reporting to eNB, in addition to the updated CQIs for the two CWs, the UE needs to report the largest SINR layer. The eNB can construct the new precoding matrix by swapping the corresponding layers.  
For Option 1, the MCS/TBS is matched with the precoding vectors of layers belonging to each CW. However, it is only applicable for the channel reciprocity case. For Option 2, no matter whether it is  precoding vector permutation between different layers or layer groups, it can’t be guaranteed that DMRS port 0 has the largest SINR due to unavailability of the SINR per layer. Option 2 can guarantee that the largest SINR layer is within the layers of CW0 without signaling overhead. For Option 3, there is additional UE reporting of largest SINR layer which introduce additional signaling overhead. Taking this into account, we slightly prefer Option 2.
Proposal 1: Support eNB to swap MCS/TBS for the two CWS based on reported CQI if PTRS is always associated with DMRS port 0.
For MU case, each UE will have its UE specific PTRS port. Precoder column permutation and necessary enhancment can be performed per user if necessary.
2.2 PTRS-DMRS port association varies with PRB
With Alt 2, the associated DMRS port for PTRS may change from PRB to PRB. It means that the precoding vector and the RE position of PTRS port0 will be changed from PRB to PRB. This may have one advantage: frequency domain diversity can be achieved, as this is similar to precoder cycling in the frequency domain.
Meanwhile, there are some drawbacks:
First, the RE position within a PRB is changed from PRB to PRB to provide accurate phase tracking performance. It means that the PTRS port 0 frequency domain distribution is not even. There may some performance impact due to uneven distribution if interpolation is used in the frequency domain.
Second, coexistence between PTRS and other RS/channels is a common scenario. The possible coexisted RS/channels include CSI-RS, SS block, PDCCH control resources, and PDSCH. If PTRS always has the lowest priority, then there is no impact to other RS/channels. However, if in some cases, the other RS/channels need puncturing/shifting/dropping to avoid PTRS time/frequency resource, there may be different puncturing/shifting/dropping patterns in different PTRS bearing PRBs. This will complicate the system design. As a result, it is not desirable to change the associated DMRS port per PRB.
Proposal 2: The associated DMRS port can change per PRB if clear benefit is shown.
3 Conclusion
In this contribution, we discussed the DMRS PTRS association issue, especially considering the two CW case, and our proposals are as following:
Proposal 1: Support eNB to swap MCS/TBS for the two CWS based on reported CQI if PTRS is always associated with DMRS port 0.
Proposal 2: The associated DMRS port can change per PRB if clear benefit is shown.
4 References
[bookmark: _Ref485257329]Chairman’s notes, RAN1 NRAH2
