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Introduction
PDSCH mapping to the RBs assigned for downlink transmission needs to avoid the REs used for other physical downlink channels and/or reference signals.  This is also known as PDSCH rate matching.  Similar to PDSCH rate matching, PUSCH RE mapping also needs to avoid the REs used for other physical uplink channels and/or reference signals.  
In RAN1 NR Ad-Hoc #2, following is agreed [1].
· 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 RAN1#90, it is concluded to further study which signals shall be considered for PDSCH/PUSCH rate matching/puncturing [2]:
· FFS PDSCH rate matching/puncturing w.r.t.  at least the following signals.
· NZP CSI-RS resource(s) for channel measurement
· DMRS for PDSCH for the UE.
· DL PTRS
· TRS
· FFS: NZP CSI-RS for interference measurement
· Impact due to CLI if any
· Note: PDSCH rate matching for DL control channel, SS block, reserved resource are out of MIMO scope
· FFS PUSCH rate matching/puncturing w.r.t. at least the following signals
· DMRS for PUSCH for the UE.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        
· SRS
· UL PTRS
· Impact due to CLI if any
· Note: PUSCH rate matching for UL control channel, reserved resource are out of MIMO scope
In RAN1 NR Ad-Hoc #3, CSI-RS REs are agreed to be included as rate matching resource(s) [3]:
· RMR(s) for PDSCH resource mapping includes CSI-RS REs at least.
In this contribution, we share our views on this issue considering some relevant agreements made in previous meetings.  This contribution is revised from [6].
PDSCH RE mapping
Indication of rate matching resources
PDSCH mapping to the RBs assigned for downlink transmission needs to avoid the REs used for other physical downlink channels and reference signals.  For example, the PDSCH shall not be mapped to control resource sets (CORESET) which are used for PDCCH transmission.  For another example, the PDSCH mapping shall avoid REs reserved for CSI-RS transmission for other UEs and/or for neighboring cells.  To this end, the UE needs to know which REs shall be avoided when mapping PDSCH.  That REs can be called as rate matching REs (RMREs). 
The appearance of RMREs can be either semi-statically configured or dynamically indicated, depending on its time-domain behavior and/or frequency-domain granularity.  For example, to avoid REs occupied by the periodic NZP CSI-RS in the neighboring cell, the RMREs can be configured via RRC in terms of periodic ZP CSI-RS.  This can be done by using the CSI framework, e.g., the UE can be configured with a resource setting which includes the ZP CSI-RS resource.  The timing configuration, e.g., the period and slot offset of the CSI-RS, can be part of the resource setting.
To rate match around the aperiodic NZP CSI-RS for other UEs, dynamic signaling is needed.  However, purely based on dynamic signaling to indicate the appearance of the aperiodic NZP CSI-RS may lead to unaffordable DCI overhead.  To address this issue, a hybrid of semi-static and dynamic signaling is adopted in LTE, as shown in Figure 1.  A UE is semi-statically configured with multiple aperiodic NZP CSI-RS candidates.  In the dedicated DCI, one out of the multiple pre-configured CSI-RS is indicated to the UE, so that the PDSCH RE mapping can avoid REs used for other UE’s aperiodic CSI-RS transmission.  
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Figure 1: Indication of PDSCH rate matching around aperiodic CSI-RS using hybrid of semi-static and dynamic signaling.
[bookmark: _Toc485460851][bookmark: _Toc492902206][bookmark: _Toc494785043]Observation 1: 	Hybrid of semi-static and dynamic signaling provides an efficient solution for PDSCH rate matching around aperiodic CSI-RS.  
Since the RMREs are usually the REs in the resource of RSs, the resource configurations for those RSs can be used for indicating the RMREs.  It can either be configured via RS settings as zero power RSs, or be separately configured from the CSI framework.  Instead of reuse RS resource configuration, it was proposed to introduce some dedicated rate matching resources to indicate individual REs to be rate matched around.  Such RE level rate matching indication might give the network more flexibility, however, the benefit in terms of throughput performance is yet carefully evaluated.
[bookmark: _Toc485460861][bookmark: _Toc492900206][bookmark: _Toc494785046]Proposal 1:	Rate matching REs are indicated by reuse RS resource configurations.
Rate matching around partial-band RSs
The NR can support much wider system bandwidth for a component carrier (CC) than LTE.  In LTE, the bandwidth of a CC can be up to 20MHz, while NR system bandwidth can be 100MHz for sub-6 GHz carrier frequency and even larger for higher frequencies.  On the other hand, not all NR UEs can operate on the whole system bandwidth.  Some UEs may only be operating on part of the system bandwidth, a.k.a., bandwidth part.  
In RAN1#86bis, following agreements were made regarding the CSI-RS bandwidth:
· Support at least following configurations of NR CSI-RS
· UE-specific configuration to support
· Wideband CSI-RS, i.e. from UE perspective, the full bandwidth the UE is configured to operate with 
· Partial-band CSI-RS, i.e. from UE perspective, part of the bandwidth the UE is configured to operate with
· FFS: Different patterns may be used for wideband and subband CSI-RSs
Both wideband and partial-band are defined from UE’s perspective.  That means the CSI-RS may be transmitted only in a subset of all available RBs within the system bandwidth.  As shown in Figure 2, there are 3 UEs with different capabilities:
· UE 1 is capable of operating on the whole system bandwidth of 100MHz;
· UEs 2 and 3 can only operating on a bandwidth of 40MHz.  
For UE 1, its CSI-RS can be transmitted across the whole system bandwidth, i.e., subband sets 1 ~ 5.  But for UE 2, CSI-RS may only be transmitted on subband sets 4 and 5.  
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Figure 2: Illustration of partial-band CSI-RS transmission.
The partial-band aperiodic CSI-RS transmission makes the PDSCH RMRE indication more complicated.  If the PDSCH for UE 1 and the aperiodic CSI-RS for both UEs 2 and 3 are transmitted in the same slot, UE 1 needs to be indicated with the RMREs to rate match around the aperiodic CSI-RS for UEs 2 and 3, respectively.  Since both UEs 2 and 3 may be configured with different CSI-RS resources and the CSI-RS resource for each UE may be transmitted only in its operating band, the indication of RMRE for UE 1 need to be subband-set dependent.  For example, 
· In subband sets 1 and 2, mapping of PDSCH for UE 1 doesn’t need to avoid any CSI-RS REs for other UEs;
· In subband sets 3 and 5, the RMREs are CSI-RS REs for UEs 2 and 3, respectively;
· In subband set 4, mapping PDSCH to CSI-RS REs for both UEs 2 and 3 shall be avoided.
[bookmark: _Toc492902207][bookmark: _Toc494785044]Observation 2: 	RMREs can be subband-set dependent if aperiodic CSI-RS is transmitted over different partial-bands for different UEs.  
[bookmark: _Toc494785047]Proposal 2:	Support subband-set dependent RMRE indication for PDSCH rate matching.
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Even though, similar to PDSCH rate matching, PUSCH RE mapping also needs to avoid the REs used for other physical uplink channels and/or reference signals, special consideration is needed due to the RF phase coherency implications the RE mapping may entail for the UEs.  Specifically, any subband rate matching would result in power change at the transmitted symbol which then entails a phase coherency loss across the OFDM symbols on the uplink.  It has been agreed that multiple symbols could carry SRS to improve channel estimation for the cell edge user.  It allows 
· A quick warm-up of the channel estimation filters at the gNB, or
· Orthogonal multiplexing of larger number of SRS ports.
Therefore, as shown in Figure 3, since the uplink symbols in the regular uplink burst of a UL-centric slot can be used for PUSCH/PUCCH transmission and for SRS [4], symbol-based rate matching is needed on the uplink, and not RE-level rate matching; otherwise it has significant RAN4 implications.  
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Figure 3: Illustration of SRS in UL regular burst and in UL common burst.
[bookmark: _Toc492902208][bookmark: _Toc492902323][bookmark: _Toc494785045]Observation 3: 	Sub-band rate matching for PUSCH may result to the loss of phase coherency caused by the possible transmit power change across OFDM symbols.
As discussed in [5], short PUSCH in UL common burst can be used for conveying some critical delay sensitive information (e.g., TCP ACK) or some critical data with limited payload (e.g., RRC configuration, MSG3, etc.).  Note that SRS can be transmitted in UL common burst, the short PUSCH RE mapping need to void the SRS REs as well.  Besides, the PUSCH rate matching also needs to consider any potential RF impact.
[bookmark: _Toc492902453]Proposal 3:	For PUSCH, in Rel-15 UEs support only symbol-based RMREs for rate matching around SRS. 
Conclusions 
To summarize, we discussed several aspects of CSI acquisition for reciprocity based operation.  We have following observations:
Observation 1: 	Hybrid of semi-static and dynamic signaling provides an efficient solution for PDSCH rate matching around aperiodic CSI-RS.
Observation 2: 	RMREs can be subband-set dependent if aperiodic CSI-RS is transmitted over different partial-bands for different UEs.
Observation 3: 	Sub-band rate matching for PUSCH may result to the loss of phase coherency caused by the possible transmit power change across OFDM symbols.
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We propose:
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Proposal 1:	Rate matching REs are indicated by reuse RS resource configurations.
Proposal 2:	Support subband-set dependent RMRE indication for PDSCH rate matching.
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