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Introduction
In RAN1#88b there are some agreements about rate matching as follows [1]:
Agreements:
· A UE is configured with resources for PDSCH rate matching
· FFS details
· A UE is configured with resources for PUSCH rate matching
· FFS details

In this paper, we will share our opinions on the resources configured for PDSCH and PUSCH rate matching, based on other agreements, e.g., from reference signals.

Discussion
PDSCH/PUSCH rate matching, in fact it is the PDSCH/PUSCH to RE mapping issue. Like LTE, NR PDSCH/PUSCH should map to REs which are not used for other physical channels and reference signals.
1.1 PDSCH for rate matching
Like LTE, in predefined way PDSCH should not map to control resource sets which are used for PDCCH transmission and cell-specific signal, such as SS blocks.
Observation 1: For one UE, some resources for rate matching could be predefined, e.g., SS block and CORESET.
Rate matching around DMRS:
In LTE, MU-MIMO is designed as a transparent way by setting the DMRS REs shared among co-scheduled UEs. In this way, UE could do rate matching and perform decoding with its only DMRS information and without the knowledge of other UEs. This transparent design offers the benefits of unified DCI format for SU-MIMO and MU-MIMO. With CDM-4 orthogonal and non-orthogonal DMRS sequences LTE could support 8-port MU-MIMO transmissions. In RAN1#88b, it was agreed that NR would support maximal 12-port MU-MIMO. Last meeting, NR has agreed configuration type 2 for 12-port transmission where CDM-4 as the maximum length is also supported. Thus, it would bring in challenges for NR MU-MIMO transparency. One way to realize the MU-MIMO transparency is depending on the gNB scheduling: only UEs with well spatial separation could be co-scheduled for 12-port MU-MIMO transmission where it allows data and DMRS to overlap among different UEs, or limiting the MU-MIMO groups where co-scheduled UEs share the same RE pattern, e.g., 3 layers per UE and 4 UEs co-scheduled for supporting 12-port MU-MIMO. However, this will limit the scheduling flexibility. On the other hand, if NR supports non-transparent MU-MIMO where UE will be informed of other co-scheduled UEs’ information, it will result in extra signalling overhead, and from UE’s perspective, the configurations for SU-MIMO and MU-MIMO will be different.
Observation 2: PDSCH rate matching around DMRS with MU-MIMO multiplexing, should be further considered.
Rate matching around PTRS:
In RAN1#89 meeting, it was agreed that for a given RB, one PTRS port should be mapped on one subcarrier carrying one or more DMRS ports of the associated DMRS port group. Thus, it is more possible that different UE will occupy different REs. However, the overlapping between data and PTRS among different co-scheduled UEs could be tolerated, as long as the interference is randomized. MU-MIMO transparency still could be achieved.
Observation 3: For one UE, PDSCH rate matching only around its own PTRS is enough.
Rate matching around CSI-RS:
Like LTE, PDSCH mapping should avoid REs reserved for CSI-RS transmission for other UEs and/or for other cells.  It is noted that LTE has adopted zero power CSI-RS to indicate the PDSCH rate matching around REs reserved for CSI-RS transmission for other UEs and/or for other cells. In addition, the configuration type depends on the CSI-RS type. For example, if periodic CSI-RS is configured, semi-static configuration of ZP CSI-RS is adopted, while DCI will configure the ZP CSI-RS resource for aperiodic CSI-RS. NR could adopt similar mechanisms.
Observation 4: For one UE, PDSCH rate matching around CSI-RS should need not only its information but also the information from other UEs and/or cells.
Observation 5: Support semi-static configuration and the combination of semi-static and dynamic configuration for rate matching around CSI-RS.
Based on the above analysis, we could have the following proposal:
Proposal 1: Support predefined, semi-static, and dynamic configuration for resources for data channel rate matching.

1.2 PUSCH for rate matching
In LTE, dedicated symbol is allocated for SRS transmission. However, for NR it has been agreed that SRS could be configured with 1, 2, 4 symbols within the same slot. Thus it is possible to multiplex PUSCH with SRS in the same symbol. In addition, RAN1#88b has agreed to support aperiodic SRS. Thus, UE needs to implement the rate matching around the SRS and aperiodic SRS which is used by other UEs. One way for rate matching around SRS is to adopt similar scheme around CSI-RS, where reserved resources are configured and signalled to UE semi-statically and dynamically.
Observation 6: For one UE, PUSCH rate matching around SRS should need not only its information but also the information from other UEs and/or cells.
Observation7: Support semi-static configuration and the combination of semi-static and dynamic configuration for rate matching around SRS.

Conclusion
In this contribution, we have the following observations and proposals:
Observation 1: For one UE, some resources for rate matching could be predefined, e.g., SS block and CORESET.
Observation 2: PDSCH rate matching around DMRS with MU-MIMO multiplexing, should be further considered.
Observation 3: For one UE, PDSCH rate matching only around its own PTRS is enough.
Observation 4: For one UE, PDSCH rate matching around CSI-RS should need not only its information but also the information from other UEs and/or cells.
Observation 5: Support semi-static configuration and the combination of semi-static and dynamic configuration for rate matching around CSI-RS.
Observation 6: For one UE, PUSCH rate matching around SRS should need not only its information but also the information from other UEs and/or cells.
Observation7: Support semi-static configuration and the combination of semi-static and dynamic configuration for rate matching around SRS.

Proposal 1: Support predefined, semi-static, and dynamic configuration for resources for data channel rate matching.
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