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1 Introduction

In last meeting, RAN1 NR Adhoc#2 2017, the following agreements have been made in MIMO session.

· 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 our opinion, the agreements are very generic and may not reflect the intention. In the broad sense, we foresee PDSCH rate matching (or puncturing) can be used in the following situations:
· Control and data share the same symbol at the beginning of a slot. 

· PDSCH does not occupy the whole set of symbols of data region in a slot.

· E.g. data region of a slot contains symbols #2 to #6, but one PDSCH starts from symbol #3

· The reservation of RE level resources to protect reference signals or other signals
In our understanding, the agreements made in the MIMO session were targeted at the above 3rd situation. In this document, we would like to further discuss use-cases of configuring RE resources for PDSCH rate matching and related issues. 
2 Discussion
2.1 Use cases of configuring RE resources for rate matching
In NR, ZP CSI-RS has been agreed to be used for interference measurement, as captured by the following agreements in RAN1#88:
Agreements:
· NR supports ZP CSI-RS based interference measurement for CSI feedback

· Note: this support is not transparent to specification

· FFS the case of DM-RS & NZP CSI-RS based interference measurement for CSI feedback

· Whether to support one of them or both

· Whether the support is transparent to specification or not

Agreements:
· NR supports aperiodic, semi-persistent (as a working assumption), and periodic IMR based on ZP CSI-RS for interference measurement for CSI feedback

· For IMR based on ZP CSI-RS, above three different time-domain behaviors are configured in the resource setting(s).

· FFS the potential impact on PDSCH rate matching

Therefore, one use case of PDSCH rate matching RE resources is to protect the ZP CSI-RS for interference measurement.

Another use case of PDSCH rate matching RE resources would be to protect the NZP CSI-RS in the neighboring cells, similar to the case in LTE. The following Fig.1 shows one example.


[image: image1.emf]RE1

RE2

RE3

UE 1 in 

cell A

UE 2 in 

cell B

NZP 

CSI-RS

Rate 

matched

Rate 

matched

RE4

.

.

.

P

D

S

C

H

Rate 

matched

NZP 

CSI-RS

Rate 

matched

PDSCH

PDSCH


Fig.1. PDSCH rate matching resources configured to protect ZP CSI-RS for IM and NZP CSI-RS in neighbouring cells 
In Fig.1, from UE1 perspective, both RE#2 and RE#3 are configured as rate matching resources. But the purposes are different: RE#3 is for inter-cell interference measurement whereas RE#2 for the protection of neighboring channel measurement. The PDSCH rate matching for UE1 should be operated over both  REs (together with NZP CSI-RS REs configured for this UE). Nevertheless, when configuring PDSCH rate matching resources, why certain REs are rate matched needn’t be known to the UE.    

As another use-case, PDSCH rate matching RE resources can be used to mitigate the inter-numerology interference in NR. As discussed in [1], to support resource allocation in mixed numerology, there is always a possibility that NZP CSI-RS for one UE and the  PDSCH for another UE being FDMed by different numerologies within an OFDM symbol. In such case, the inter-numerology interference is resulted because the subcarriers belonging to different numerologies are not orthogonal in general. To reduce inter-numerology interference at subcarrier level, one solution would be to have guard REs between NZP CSI-RS of one numerology and PDSCH of the other numerology. The empty REs can be realized by rate matching. Fig.2 gives one such example.
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Fig.2 PDSCH rate matching resources configured to mitigate inter-numerology interference
In Fig.2, two REs in 15kHz subcarrier spacing which corresponds to RE#2 in 30kHz SCS numerology are configured as guard REs. Therefore, the PDSCH of 30kHz SCS should be rate matched around the guard REs.
Considering the use cases shown above, we propose
Proposal 1: RE resources for PDSCH rate matching are configured separately from RS settings in CSI framework.
2.2 Signaling schemes for configuration
In principle, RE resources for rate matching should be allowed to configure by UE-specific signalling in order to care for UE’s individual need. The signalling can be semi-static by RRC or dynamic via DCI. Semi-static RRC can be used to configure periodic  resources for rate matching. It can also be used to define candidate patterns for the aperiodic or semi-persistent resources for rate matching. Dynamic signalling method such as DCI can then be used to activate/deactivate certain pattern for a given slot. 

Before RRC connection is established, UE-specific signalling is not possible. In such case, UE can simply assume no  RE resources for rate matching is configured. It is up to the scheduler to ensure decoding performance. The strategy of the scheduler could be to use lower MCS, or to avoid scheduling the transmission to the slot where NZP CSI-RS is present. Another approach would be SIB configures resources for rate matching and this configuration is overwritten by UE specific signalling.  
 To indicate the RE locations for PDSCH rate matching resources, there are basically two options: Option 1 reuses the configuration parameters indicating RE location for each RS type involved. Option 2 is to indicate the RE pattern by bitmap. In our opinion, Option 1 seems difficult to indicate the resources not belonging to the RS types, for example, REs for inter-numerology interference protection. On contrary, Option 2 is much more flexible and future proof. However, for Option 2, overhead reduction techniques, for example, how to define the range for bitmap indication and how to define the resource granularity for one bit, should be further studied.

Proposal 2. Bitmap indication for PDSCH rate matching RE resources is supported.

3 Conclusion

This document discusses use-cases of configuring resources for PDSCH rate matching and related issues. We propose the following:

Proposal 1: RE resources for PDSCH rate matching are configured separately from RS settings in CSI framework.
Proposal 2. Bitmap indication for PDSCH rate matching RE resources is supported.
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