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1. Introduction
NR made a good progress so far. The basic philosophy of NR is to minimize always-on channels/signals, and hence as compared to LTE, the portion of always-on cell-specific signals has greatly been reduced. The reduction of always-on channels/signals gives an advantage to NR to reduce the static overhead, which will eventually contribute to the system throughput.
In NR, essential features that have been provided by LTE always-on signals/channels are provided by channels/signals whose presence are semi-statically or dynamically changing. Examples of those signals/channels include CSI-RS and SS blocks. 
As these non-always-on signals/channels are configured with UE-specific signalling, they are useful for only a group of UEs. For the UEs outside the group, these signals/channels are merely “overhead channels” to rate match around. As PDSCH RE puncturing without UE’s knowledge incurs huge performance loss (as found during the CSI-RS discussions in Rel-10), the presence/locations of these signals will need to be signalled to UEs outside the group. The signalling will be used by those UEs so that they can perform PDSCH rate matching around these signals/channels when the UEs are allocated with PRBs overlapping with these signals/channels. 
This contribution discusses issues related to PDSCH rate matching and proposes potential solutions for the issues. 
2. Discussion
Overhead channels have different footprints depending on the way they are configured. For example, CSI-RS may be configured to occupy a subband or a full BW, all the subcarriers or a subset of subcarriers in the configured BW in an OFDM symbol, etc. 
Although subband-level indication of overhead channels is likely to be easier in terms of signalling, RE-level indication may also be necessary to minimize the throughput loss.  
Some overhead signals/channels are periodically recurring. Those periodically recurring blocks used for certain overhead channels can be informed to UE by indicating time recurrences and a block of time frequency resources in each occurrence. 
2.1 Indication of a contiguous time-frequency block of REs recurring in time
[bookmark: _GoBack]In some cases, the block of time frequency resources are contiguous; in such case, the block can be indicated in terms of the number of consecutive time resources and the number of consecutive frequency resources. For this indication, the time and frequency resource granularity need to be specified; the frequency granularity can be in terms of BWP, PRB, RBGs, subcarriers; and the time granularity can be in terms of OFDM symbols, or a few OFDM symbols. Given that NR supports multiple numerology settings in a carrier frequency, it may also be necessary (especially when the blocks present in different BW parts) to configure numerology setting to define a RE grid, so that the resource granularity units are properly understood by the UE. For the same BW part, it may not be necessary to explicitly configure the numerology. The choice of the time and frequency resource granularity should consider trade-offs: the finer the granularity, the more signalling overhead, but better spectral efficiency may be achieved. The overhead block avoidance has been studied in NR in the context of forward compatibility and a similar mechanism to indicate the forward compatibility resources may be able to be reused in this case. The details of indication of the “reserved resources” can be found in our companion contribution [1]. 
Observation 1: At least when the overhead channels occupy a contiguous time-frequency block of REs recurring in time, a resource indication mechanism to be introduced for indicating forward compatibility resources may be able to be used for indicating the overhead channels/signals.
2.2 Indication of CSI-RS and SS blocks to rate match around
At this moment, detailed designs of forward compatibility resource indication are not yet available, and what exact mapping patterns other than a contiguous block of REs recurring in time will be supported to be indicated by the forward compatibility resource indication mechanisms. Hence, it seems also beneficial to consider individual mapping patterns of the overhead channels/signals, to design the signalling more efficiently as necessary. 
RAN1 will design signalling methods for NR to indicate time frequency resources for CSI-RS and SS blocks where the resources are not necessarily comprising a contiguous block of REs recurring in time. For example, multiple SS blocks used for beam sweeping in a bandwidth part may occupy non-continuous time resources; and CSI-RS resources used for L3 mobility may also occupy non-contiguous time resources. It is expected that RAN1 will make every effort to minimize signalling overhead of those signals, and come up with an efficient signalling design. For indicating UE to rate match around these signals, it seems natural to reuse those signalling that is designed for configuring these signals. 
It is noted that a similar approach has been taken in LTE zero power CSI-RS, and hence a similar mechanism can be introduced for NR as well, although details can be different (FFS for now). For the indication of the zero power resources to rate match, at least the resource-setting based method should be supported. 
As for SS blocks, indicating the number of actually transmitted SS blocks is an efficient way to indicate which time-frequency resources to rate match around, as well as to indicate those time frequency resources to make beam-specific RRM measurements. Hence, it is proposed to use the signalling method for the purpose of rate matching, regardless of whether UE is further configured to measure signal quality using the indicated signals. This configuration is likely to be useful when a wide-band UE is configured in a wide band mapped with multiple SS blocks in multiple BW parts. 

Proposal 1: For indicating UE to rate match around CSI-RS configured to other UEs, zero-power CSI-RS resources/resource settings can be configured. Details are FFS.
Proposal 2: UE can be indicated with the number of SS blocks, NSS, for a BW part. Then UE shall rate match around the SS blocks 0, …, NSS-1 in the BW part.
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3. Conclusions
The proposals and observations of this contribution are re-collected below:
Observation 1: At least when the overhead channels occupy a contiguous time-frequency block of REs recurring in time, a resource indication mechanism to be introduced for indicating forward compatibility resources may be able to be used for indicating the overhead channels/signals.
Proposal 1: For indicating UE to rate match around CSI-RS configured to other UEs, zero-power CSI-RS resources/resource settings can be configured. Details are FFS.
Proposal 2: UE can be indicated with the number of SS blocks, NSS, for a BW part. Then UE shall rate match around the SS blocks 0, …, NSS-1 in the BW part.
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