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1 Introduction

Great efforts have been made during previous meetings on the configuration of rate-matching resource sets. However, to our understanding, there remain several open issues whose details can be further discussed, e.g., resource set configurations for some specific use cases and UE behaviour considering rate-matching resource sets. 
In this contribution, we share our point of views on such remaining issues on reserved resources and rate-matching.
2 Discussion
As discussed in [1], the use cases for configuration of rate-matching resource sets are summarized in the following table.

Table 1 Configuration of rate-matching resource sets

	Use case
	Configuration of resource sets for rate-matching

	
	RB-symbol level
	RE-pattern level
	Semi-static (not associated with L1 signalling) 
	Dynamic (associated with L1-signalling)
	Preferably cell-specific 
	Preferably BWP-specific

	Forward compatibility
	√
	
	√
	
	√
	

	LTE compatibility
	√
	√ (CRS only)
	√
	
	√
	

	NR measurements
	√
	√
	√
	√
	
	√

	PDCCH and PDSCH multiplexing
	√
	
	√
	√
	
	√


2.1 Resource set configuration

2.1.1 Resource set configuration for NR measurement
For NR measurement, both intra-cell and inter-cell RRM/interference measurement are supported. As shown in Figure 1, bandwidth parts with different numerologies configured for two different UEs are partially/fully overlapped. There thus may exist cases that the resources used for RRM/interference measurement by one UE, (i.e., UE2) are as interference to another (i.e., UE1). These resources should thus be signalled as reserved resources and rate matching should be done around the resources. 

Generally, the already agreed RB-symbol level resource set configuration can be used in this use case where the whole RB(s) in frequency and the whole symbol(s) in time is/are reserved. This is beneficial for design complexity reduction as well as guarantee of measurement accuracy. 
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Figure 1 Illustration of BWP overlapping & intra/inter-cell measurement
Proposal 1: RB-symbol level resource set(s) can be configured for NR measurement in the case of overlapped BWPs with different numerologies.
2.1.2 Resource set configuration for LTE compatibility

In NB-IoT, when operating in in-band or guard-band mode, to align with the subcarrier in LTE, NB-IoT anchor carrier would have a mandatory {±2.5, ±7.5} kHz offset from the 100 kHz raster. NR should provide flexible and efficient reserved resource for NB-IoT in the LTE re-farming frequency. As shown in Figure 2, the NB-IoT anchor carrier can be deployed in any position as long as the NB-IoT subcarriers are aligned with NR. To reserve resource for one NB-IoT anchor carrier, at most two NR RBs are involved, in which only part of the subcarriers would needed to be reserved. 
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Figure 2 Reserved resource for NB-IoT
Note that in this case, multiple continuous 12 subcarriers are needed to be indicated in frequency. It is possible to use the already agreed bit map 1 for this purpose. However, given the misaligned PRB boundaries between NR and NB-IoT, additional PRBs need to rate matched, leading to extra overhead. Such additional overhead may increase if there are multiple NB-IoT carriers operating in-band in a NR carrier. Thus, the following may be considered.

Proposal 2: Consider supporting indicating of one or more sets of contiguous REs for NR rate matching purpose in case of NB-IoT inband operation in an NR carrier, where each set of contiguous REs is indicated by a starting subcarrier index and a number of contiguous REs. FFS on the possible values of starting subcarrier index (e.g. less than 12 possible values) and the number of consecutive REs (e.g. in multiples of 12). 
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Figure 3 DC caused PRB misalignment
2.2 UE behaviour considering rate-matching resource sets
Consider a scenario where a LTE and NR coexistence scenario with limited carrier bandwidth, e.g., 10 MHz. To guarantee the throughput for both LTE and NR, the whole bandwidth will be shared FDMed by both LTE and NR while the first several OFDM symbols across the whole bandwidth are for LTE PDCCH. For example, both LTE and NR occupy separate 5 MHz bandwidth. In this case, if to avoid LTE CRS then only two OFDM symbols can be used for NR PDCCH due to its time-domain continuity. This, however, will limit NR PDCCH capability and further cause significantly restricted NR PDCCH coverage. As a result, NR should support rate-matching around LTE CRS for NR PDCCH. The method of CRS-based resource set configuration can be reused.
Proposal 3: For a RE-pattern level, NR-PDCCH of SCS 15 kHz can be rate-matched around LTE CRS.

· Rate-matching resource can be semi-statically configured using LTE v_shift and up to 4 CRS antenna port(s).
For RB-symbol level resource set, note that from Table 1, it is mainly related to forward compatible services, LTE ‘always-on’ channels or NR measurement resources. Thus, it can be a gNB implementation issue to avoid conflict between NR PDCCH and these resources.
Another issue can be considered is with the respect to the phase continuity/discontinuity caused by rate-matching resource set. In LTE, an antenna port is defined such that the channel over which a symbol on the antenna port is conveyed can be inferred from the channel over which another symbol on the same antenna port is conveyed. However in this case, the rate-matching resource sets may result in time-domain and/or frequency-domain discontinuity among partitioned parts. As a result, interpolation in either time-domain or frequency-domain among reference signals even for the same antenna port will lead to channel estimation and/or measurement inaccuracy. In frequency, it can be a gNB implementation issue to avoid such issue. However, it will be an issue in time. To this date, whether in time domain the channel on one symbol (group) can be inferred from the channel on another symbol (group) should be informed to the UE. In another word, phase continuity/discontinuity among different partitioned parts should be informed to the UE.

Proposal 4: Phase continuity/discontinuity between different partitioned parts on sides of rate-matching resource set(s) should be informed.
3 Conclusion
Proposal 1: RB-symbol level resource set(s) can be configured for NR measurement in the case of overlapped BWPs with different numerologies.
Proposal 2: Consider supporting indicating of one or more sets of contiguous REs for NR rate matching purpose in case of NB-IoT inband operation in an NR carrier, where each set of contiguous REs is indicated by a starting subcarrier index and a number of contiguous REs. FFS on the possible values of starting subcarrier index (e.g. less than 12 possible values) and the number of consecutive REs (e.g. in multiples of 12). 

Proposal 3: For a RE-pattern level, NR-PDCCH of SCS 15 kHz can be rate-matched around LTE CRS.

· Rate-matching resource can be semi-statically configured using LTE v_shift and up to 4 CRS antenna port(s).

Proposal 4: Phase continuity/discontinuity between different partitioned parts on sides of rate-matching resource set(s) should be informed.
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