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1. Introduction
In RAN1 #88bis and #89 meetings, some proposals on rate matching have been discussed [1][2].  In NR adhoc#2, the following agreements are reached:
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 contribution, we would like to have further discussion on use-cases of configuring PDSCH rate matching parameter and related issues. 
2. Discussion on rate matching
2.1  Rate matching for DL transmission
In LTE, rate matching should consider the RE occupied by CRS, CSI-RS, DMRS, ZP CSI-RS, PDCCH and CSI-RS.  For single point transmission, UE can determine related parameters by high layer signaling and cell ID. For CoMP transmission, up to 4 PDSCH RE Mapping and QCL parameter sets can be configured by higher signaling.  The parameters for determining PDSCH RE mapping and PDSCH antenna port quasi co-location are configured via higher layer signaling for each parameter set and these parameters include: number of CRS ports, CRS frequency shift parameter, MBSFN subframe configuration, ZP CSI-RS configuration, PDSCH start symbol and CSI-RS for QCL. These configurations are further indicated to UE via a PDSCH RE Mapping and QCL Indicator with 2-bits in DCI. The UE shall use the parameter set according to the value of the 'PDSCH RE Mapping and QCL indicator' field in DCI format 2D for determining the PDSCH RE mapping.
Considering more use cases of RSs, the more complicated design of rate matching, at least to achieve following purposes, should be considered in NR:
· Rate matching for avoiding  interference/collision with CSI-RS 
It is obvious that candidate RE positions of CSI-RS and PDSCH will be overlapped, especially in multi-beams system. If minor interference can be expected among beams, which are used to transmit the data and CSI-RS, the muting of RSs is unnecessary. However, if strong interference is observed, the corresponding resources should be muted to enhance the measurement based on received CSI-RS. 
[bookmark: _GoBack]In general, we expect that the beam of CSI-RS and the beam of PDSCH share the same analog beam. In such case, CSI-RS and PDSCH can be multiplexed with FDM mode.  However, it is hard to ensure the beam is the same in all the time. For periodic/semi-periodic configuration, especially for BM CSI-RS, it may have different beam from PDSCH beam.  If the RF chain is limited, rate matching should consider to puncture all the PDSCH RE in the OFDM symbols with beam collision.  Sometimes these collisions can be realized based on QCL configuration. For this case, no extra signaling overhead is needed. Whether or not dynamic indication on the OFDM symbol indices should be further considered. In NR, in addition to CSI acquisition, CSI-RS is also used for beam management. It will lead to more flexible parameters configuration for CSI-RS, e.g., location and density, than LTE. More specifically, different transmission strategies of CSI-RS, e.g., periodic, aperiodic and semi-persistent, should also be considered as part of configuration. 
· Rate matching for avoiding interference with  DMRS
In LTE, at least in case of transmission with lower rank, no interference exists between DM-RS and data for other UEs. In high rank case, the channel with high SNR is expected with less interference from adjacent cells. Consequently, the muting of the data is not considered. However, according to the design of DM-RS, including additional DM-RS in NR, these RSs are more easily contaminated by the intra and inter-cell interference. 
· [bookmark: OLE_LINK5]Rate matching for  avoiding  interference with  other type RSs
In addition to the CSI-RS and DM-RS, some new RS types, e.g., PTRS, TRS will be considered in NR. Since these RSs are also important for data decoding at UE sides, the interference from PDSCH should be also avoided by muting some REs within PDSCH. According to current agreements on PTRS design [3], the flexible configurations for both density and location of PTRS are expected. Moreover, there is trend that flexible density and transmission strategy will be considered in the design of TRS.
Considering the possibility that more RE positions corresponding to different RS types will be muted for rate matching, a zero power RS can be defined for rate matching. More specifically, ZP RS need to be flexibly configured at CSI-RS/DMRS/PTRS/TRS RE positions in case of aperiodic, semi-persistent, periodic transmission of RS.  At this point, it’s clear that configuration of ZP RS at least includes configuration of ZP-CSI-RS for the case of interference measurement and CSI-RS muting.
Proposal 1： The zero power DL RS should be supported for PDSCH rate matching. Configuration of ZP DL RS at least includes configuration of ZP-CSI-RS for the cases of interference measurement and CSI-RS muting.
Proposal 2：The configuration of aperiodic, semi-persistent, periodic ZP DL RS should be supported in NR.
2.2  Rate matching for UL transmission
· Rate matching for SRS
In RAN1#88bis, it agreed that NR should support aperiodic SRS triggering field in DCI [4]. Since the overhead for the transmission of aperiodic SRS will be large if the resources are reserved in semi-persistent manner, the situation that transmission of SRS on the same resource with data/RS from other UEs should be considered. In this case, in order to avoid the interference for SRS and enhance the accuracy of UL channel estimation, the ZP SRS should also be considered in the similar way as ZP CSI-RS.
· Rate matching for DMRS
Moreover, for uplink, the first DMRS position of the PUSCH is fixed relative to the start of the scheduled data. It will lead to resource collision between data and DM-RS. If the RE sharing between SRS and DM-RS is supported, the joint configuration of ZP DM-RS and ZP SRS can be supported.
Proposal 3: The configuration of aperiodic ZP UL RS should be supported in NR.
3. Potential solution
For achieving flexible configuration of rate matching parameters through limited DCI overhead, the method with following three steps can be considered as illustrated in Figure 1: 
· Step 1:  RRC signalling is introduced to configure multiple ZP RE parameters sets for different use cases. 
· Step 2:  MAC CE is used to activate some of them for potential usage in long-term condition. 
· Step 3: DCI signalling is used to select the required parameter set from the activated sets dynamically for current transmission. 


Figure 1 Illustration of the parameters configuration for rate matching 
More specifically, as listed in Table 1, the  subset of ZP RS index, which is configured by higher layer, can be indicated through the NR-PQI. In addition, in case of multiple PDCCHs/PDSCHs transmission, since only one DM-RS port groups is allowed for each TRP within a coordinating set, two ZP RS sets with the same RS indexes can be configured in each PQI state within DCI from corresponding TRPs if the rate matching cross the TRP is not considered..

[bookmark: _Ref490250067]Table 1 Configuration of NR-PQI
	PQI Parameters
	ZP RS for PDSCH RE mapping
	NZP CSI-RS
	…
	PTRS

	ith parameters set
	DM-RS port group 1
	ZP RS set 1
	CSI-RS index 1
	…
	PTRS port a

	
	DM-RS port group 2
	ZP RS set 2
	CSI-RS index 2
	…
	PTRS port b



Besides, the following signalling design can be considered:
· In case of the absence of MAC CE, the pre-define rule should be considered for the activation of ZP RE parameters.
· In case of the absence of DCI, the pre-defined rule, e.g., select the first value from the activated set by MAC CE, should be considered . 
· In case of the absence of MAC CE and DCI, pre-defined rule should be considered for determining ZP RE parameters  from the RRC configured sets 

[bookmark: OLE_LINK20][bookmark: OLE_LINK21]Proposal 4：Support flexible parameters configuration of rate matching via the combination of RRC, MAC CE and DCI signaling.
4. Conclusion
In this contribution, rate-matching design for NR is discussed and results in following proposals:
Proposal 1： The zero power RS should be supported for PDSCH rate matching. Configuration of ZP RS at least includes configuration of ZP-CSI-RS for the cases of interference measurement and CSI-RS muting.
Proposal 2：The configuration of aperiodic, semi-persistent, periodic ZP RS should be supported in NR.
Proposal 3：The configuration of aperiodic ZP UL RS should be supported in NR.
Proposal 4：Support flexible parameters configuration of rate matching via the combination of RRC, MAC CE and DCI signaling.
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