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This is a revision of R1-1715538.
In RAN1#90 meeting, the agreements on PTRS/DMRS port association are as follows:
[bookmark: OLE_LINK2]Agreements:
· For DL, if one PT-RS port is configured for an DM-RS port group, 
· For 1 CW case, the PT-RS port is associated with the lowest DM-RS port index among the ports assigned to the DMRS port group for PDSCH demodulation.
· For 2 CW case, down-selected between
· Alt.1: The PT-RS port is associated with the lowest DM-RS port index among the DM-RS ports assigned for PDSCH demodulation of the CW with highest MCS.
· If MCS of the 2 CWs is the same, CW 0 is selected
· Alt.2: The PT-RS port is associated with the lowest DM-RS port index among the DM-RS ports assigned for PDSCH demodulation (across both CWs)
· FFS: UE can provide some information to facilitate gNB to map the PT-RS port onto the layer with higher received SINR.
· FFS: information details, e.g. signaling carried by MAC-CE or UCI, UL signal e.g. SRS
· FFS: Which subcarrier to be used for PTRS mapping in RB assigned to contain PTRS

The agreements on CW number restriction are as follows:
Agreements:
· The maximum supported number of NR-PDCCHs corresponding to scheduled NR-PDSCHs that a UE can be expected to receive in a single slot is 2 on a per component carrier basis in case of one bandwidth part for the component carrier
· FFS the case of multiple BWPs for the component carrier if supported
· (Working assumption) In this case, at most a total of 2 CWs over the scheduled NR-PDSCHs

In RAN1 NR AH#03, the agreements regarding PTRS subcarrier occupation is as follows:
Agreement:
· The subcarrier for which the PTRS associated with a certain DMRS port is mapped is the same in all RBs where PT-RS is present 
· The maximum number of DL PT-RS ports is the same as the number of DMRS groups per PDSCH, which is 2 in Rel-15
· The subcarrier in the RB where PTRS is mapped among the subcarriers used for the associated DMRS port, consider further these alternatives until Wednesday: 
· Alt.1 Fixed to smallest subcarrier index k 
· Alt.2 Default is fixed to largest subcarrier index k. Can be configured to other subcarriers by higher layer signalling. 
· Alt.3a Implicitly given by Cell ID 
· Alt.3b Implicitly given by another UE specific parameter (DMRS/PT-RS scrambling ID (if defined), C-RNTI,…)
· Alt.4 Each DMRS port maps PT-RS to a different subcarrier by a specified rule 
In this contribution, we discuss DMRS port selection with two CWs, UE assistance of largest SINR layer and PTRS subcarrier occupation.
2 Discussion
2.1 Associated DMRS port selection for two CWs case
The number of DMRS ports is determined by the transmission rank. It is impacted by the channel characteristics, Tx/Rx antenna number, etc. The numbers of PTRS and DMRS groups are determined by the number of separate panels at transmitter/receiver side. If PTRS is present, there is a one-to-one mapping between PTRS and DMRS port group. For a DMRS group with more than 4 ports, the transmission layers will be divided into two CWs scheduled with two separate MCS values. A DMRS port of the group should be selected to perform association with the PTRS. Here “association” means at least the same precoding vector and QCL is applied to both the DMRS port and PTRS. 
The SINR on different DMRS ports can be different, and the largest SINR port may also change for different time/frequency resources. To provide the best phase tracking performance, it is preferred to associate PTRS with the DMRS port with largest SINR. To guarantee the largest SINR for DMRS port 0, precoder permutation can be used to make the port with the highest SINR associated with port 0. The number of data transmission layers is the same as the number of DMRS ports. Here we assume one-to-one mapping between layer and port. In following sections, layer i and port i have the same meaning. Consequently, after precoder permutation, data layer 0 is associated with the largest singular value of the channel.
For 1 CW case, it is already agreed to associate PTRS with the lowest DMRS port of the DMRS group. Precoder permutation can be performed at gNB side to guarantee that lowest DMRS port has the largest SINR. There is only 1 MCS value for all the DMRS ports of the DMRS group. Even though precoder permutation is performed, the DMRS port set associated with the same MCS value is not changed, so there is no impact on the match between MCS and the channel characteristics.
For two CWs case, the precoder permutation may involve two CWs. For example, there are 8 layers in total. Layers 0/1/2/3 belong to CW0, and layers 4/5/6/7 belong to CW1. Layer 4 has the largest SINR. If precoder permutation is performed between layer 0 and layer 4, MCS mismatch for the two CWs may happen. Two methods can be considered to solve this problem.
· Method 1: Precoder permutation between the two DMRS sets of the two CWs. 
· Method 2: Precoder permutation among two ports with additional MCS recalculation.
With Method 1, percoding vectors for layers 4/5/6/7 and layers 0/1/2/3 are exchanged respectively. The PTRS can still be associated with the lowest DMRS port index of the DMRS port group-the previous port 4. Meanwhile, the two MCS values should also be swapped to match the channel characteristics and the precoding matrix. This can be regarded as gNB implementation. 
For Method 1, there are some issues when the layer numbers of the two CWs are not the same. For example, CW0 contains layers 0/1, and CW1 contains layers 2/3/4. The layer sequence after precoder permutation is 2/3/4/0/1. And layers 2/3/4 belong to CW0, and layers 0/1 belong to CW1. MCS of the two CWs should also be swapped accordingly. If there is no additional indication to the UE, UE will perform layer-CW mapping as: 2/3 to CW0 and 4/0/1 to CW1, and there may be mismatch for the MCS and the corresponding precoding matrix/channel characteristics.
With Method 2, for the 8 layers case, only precoding vector of layer 0 and layer 4 are exchanged. The layer sequence after precoder permutation is 4/1/2/3/0/5/6/7. Layers 4/1/2/3 are associated with CW0, and layers 0/5/6/7 are associated with CW1. As the layer grouping is changed, MCS recalculation is necessary to match the precoding matrix and channel characteristics. However, CQI reporting is only per CW. It is impossible to get the accurate MCS value for the new layer group without channel state information of each layer. In LTE, eNB can override the CQI reporting based on scheduling decision. So the layer regrouping can be regarded as another kind of gNB overridden. 
If we go with Alt 1 proposed in last meeting to change the associated DMRS port per MCS values of the two CWs, there is no precoder permutation between two CWs, and the MCS is always matched to the precoding matrix and the channel characteristics. However, there are other issues with dynamic change of the associated DMRS port. If the PTRS subcarrier is always the same as that of the associated DMRS port, the subcarrier occupation of PTRS within a PRB will change dynamically, and it will impact coexistence with other RS and PDSCH rate matching behavior. With dynamic indication of the associated DMRS port by comparison of the two MCS values, the associated DMRS port can only be determined after PDCCH decoding, which will introduce additional complexity and processing delay.
Considering pros and cons of the two alternatives, we prefer a simple one with tolerable performance degradation.
Proposal 1: PTRS is always associated with the lowest indexed DMRS port for two CWs case. 
Proposal 2: How to do precoder permutation and MCS value determination for the two CWs case can be up to gNB implementation.
2.2 UE indication of the largest SINR layer
Whether UE reports the largest SINR layer is still under discussion. Currently, there is only CQI reporting per CW, and the layers associated with a single CW share the same CQI value. If there is only CQI reporting at the gNB side, gNB can’t derive the largest SINR layer. Precoder permutation may be not accurate enough. 
There are several options to report the largest SINR layer:
· Option 1: UCI
· Option 2: MAC-CE
· Option 3: SRS
With Option 1, the largest SINR layer can be reported to gNB dynamically. However, additional overhead is unavoidable. Whether to adopt a new UCI format or joint indication with legacy UCI contents still needs discussion.
With Option 2, the signaling by MAC-CE may encounter large delay. The largest SINR layer may change dynamically, and it is not suitable to be report it with large delay.
[bookmark: OLE_LINK5][bookmark: OLE_LINK3][bookmark: OLE_LINK4]With Option 3, if SRS is used to measure the largest SINR layer in DL, channel reciprocity between DL and UL should be guaranteed. 
With above analysis, we slightly prefer Option 1 if UE reporting of largest SINR layer is introduced.
Proposal 3: Support UCI to carry the largest SINR layer indication if UE reporting is adopted.
2.3 PTRS subcarrier occupation
To get similar channel characteristics between PTRS and the associated DMRS port, it is desirable to allocate them into the same subcarrier. There are two desirable properties regarding the PTRS subcarrier occupation: orthogonal PTRS for MU-UEs and inter-cell PTRS interference randomization. 
If the DMRS ports are CDMed and allocated to different users, multiplexing of PTRS ports for different users are necessary. For example, with DMRS configuration type 2, DMRS port 0 is allocated to UE1, and DMRS port 1 is allocated to UE2. If FD-OCC is used for DMRS ports 0 and 1, both DMRS ports 0 and 1 occupy subcarriers 0, 1, 6, 7. To provide orthogonal PTRS port for different UEs, FDM or CDM of PTRS can be adopted. With FDM multiplexing, PTRS for UE1 can be located at the subcarrier 0, and PTRS for UE2 can be located at subcarrier 1. With CDM multiplexing, PTRS for both UE1 and UE 2 can be located at subcarrier 0, and meanwhile, different precoding vectors are used for different UE’s PTRS ports.
Another issue is whether orthogonal between PTRS ports from different cells is necessary. PN sequence similar as that of DMRS can be used for PTRS. Interference randomization by different PN sequences among different cells can be achieved. So it is not necessary to change the PTRS subcarrier position based on cell id.
Considering the alternatives listed in RAN1 NR AH#03 chairman notes, we slightly prefer Alt 4. That is, association between DMRS port and PTRS RE position is predefined, and lowest indexed DMRS port in DCI for a UE can be used to dynamically indicate the PTRS RE position.
Proposal 4: Support Alt 4: Each DMRS port maps PT-RS to a different subcarrier by a specified rule. And dynamic lowest indexed DMRS port is used to indicate the PTRS RE position according to the specified rule.
3 Conclusion
In this contribution, we discussed the PTRS/DMRS association for two CWs, UE reporting largest SINR layer, and the PTRS subcarrier position, and our proposals are as follows:
Proposal 1: PTRS is always associated with the lowest indexed DMRS port for two CWs case. 
Proposal 2: How to do precoder permutation and MCS value determination for the two CWs case can be up to gNB implementation.
Proposal 3: Support UCI to carry the largest SINR layer indication if UE reporting is adopted.
Proposal 4: Support Alt 4: Each DMRS port maps PT-RS to a different subcarrier by a specified rule. And dynamic s lowest indexed DMRS port is used to indicate the PTRS RE position according to the specified rule.
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