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1 Introduction

This is a revision of R1-1717079, where we address some further considerations on reserved resources and rate-matching. The following agreements were achieved on reserved resource and rate-matching [1]:

· On the RB-symbol level, NR supports at least UE specific RRC configuration of at least the following parameters for a rate-matching resource set(s)

· A UE can be RRC configured with one or multiple pairs of bitmap-1 and bitmap-2, each pair determining a time-frequency resource set, i.e. kronecker(transpose(bitmap-1), bitmap-2)

· a bitmap-1 of at least RB granularity (up to 275 bits, one bit corresponding to one RB)

· FFS whether other granularities, e.g. 2,4, 6, 8,16 RBs, maximum number of RBs, are also supported

· a bitmap-2 of 14 symbols (i.e. 1 slot) in time for which the first bitmap applies (one bit per symbol) 

· FFS: support of bitmap-2 of size 28 a 56 symbols

· FFS configuration of bitmap-1 and bitmap-2 pairs or other method by RMSI/OSI
· On the RB-symbol level, for a rate-matching resource set(s), NR supports at least UE specific RRC configuration of bitmap-3 in addition to bitmap-1 and bitmap-2 pair

· A UE can be RRC configured with one bitmap-3 per each pair of bitmap-1 and bitmap-2 

· each bit in bitmap-3 corresponds to a unit equal to a duration of the bitmap-2, and indicates whether the pair is present in the unit or not 

· bitmap-3 is composed of {1, 5, 10, 20 or 40 units} but is at most of duration [down-select between 20 or 40 ms] 

· The length of bitmap-3 for different bitmap-1 and bitmap-2 pairs can be different.

· When bitmap-3 length is 1, bitmap-3 is not explicitly configured.

· the rate-matching configuration repeats in time with periodicity equal to duration of bitmap-3

· a UE rate-matches around union of resources (i.e resrouce sets) where, each resource is expressed by a set of bitmap-1, bitmap-2 and bitmap-3. 

· FFS: whether the bitmap-3 is configured or not when the pair of bitmap-1 and bitmap-2 is associated with L1 signalling.

· Note: the bitmap-3 can be configured at least for the pair of bitmap-1 and bitmap-2 is not associated with L1 signalling.

· FFS configuration of bitmap-3 or other method by RMSI/OSI
· On the RB-symbol-level, the pair(s) of bitmap-1 and bitmap-2 is/are configured: 

· UE can be configured with resource set(s) 

· Alt1: either only per cell or only per BWP

· Alt2: no restriction 

· using common PRB indexing when configured per serving cell 

· the resource set is configured with a given numerology. FFS on conversion of the given numerology to numerology of the active BWP. 

· using UE-specific PRB indexing when configured per BWP 

· the resource set is configured in numerology of a BWP.
2 Discussion
2.1 Scenarios for rate-matching resources
Resource set (RESET) was introduced during previous meeting to indicate UE resources for rate-matching. Some are indicated cell-specifically but the others are BWP-specifically. Some are always semi-statically but the others are L1 signalling based. In the following, four typical use cases to support rate-matching RESET are discussed. Since different scenarios have different design requirements, it is beneficial that the design of rate-matching RESET is flexible enough.
Use case #1: Forward compatibility
The most typical use case for rate-matching RESETs is from a forward compatibility perspective. It is beneficial to support other new services or features introduced later by using new techniques for network operation flexibility. There was a common understanding that reserved resources are used for supporting new systems and future services/applications. 
At least RB-symbol level rate-matching RESETs should be supported in this use case. These RESETs are mostly semi-static and can be indicated cell-specifically, e.g., using the common PRB indexing.
Use case #2: Coexistence between NR and LTE
In the case of coexistence between NR and LTE [2], maximizing the spectrum utilization for NR would require reserving only the minimum amount of resources that LTE system requires for operating and providing support for initial access and normal data transmissions to legacy LTE UEs. Reference signals that LTE needs to continue transmitting are CRS and periodic CSI-RS. Channel that LTE needs to continue transmitting includes PBCH.
As a special case, the coexistence between NB-IoT and NR may need to be considered. 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.
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Figure 1 Reserved resource for NB-IoT
Both RB-symbol level and RE-pattern-level rate-matching RESETs should be supported in this use case. These RESETs are also semi-statically and can be indicated cell-specifically.
Use case #3: NR RS measurement
Both intra-cell and inter-cell RRM/interference measurement are supported in NR, as shown in Figure 1. If bandwidth parts configured for two different UEs are partially/fully overlapped, there may exist cases that the resources used for RRM/interference measurement by one UE are as interference to another. These resources should thus be signalled as reserved resources and rate matching should be done around the resources. 
Both RB-symbol level and RE-pattern-level rate-matching RESETs should be supported in this use case. For periodic NR-RS, semi-static only RESETs can be configured and for aperiodic NR RS, L1-signalling based RESETs can be configured. Additionally, all these RESET can be configured BWP-specifically, e.g., using UE-specific PRB indexing defined in the BWP.
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Figure 2 Illustration of BWP overlapping & intra/inter-cell measurement
Use case #4: Multiplexing between NR-PDCCH and NR-PDSCH
It was agreed [2] that NR should support dynamic reuse of at least part of resources in the control resource sets for data for the same or a different UE, at least in the frequency domain.
At least RB-symbol level rate-matching RESETs should be supported in this use case. Both semi-static only and L1-signalling based RESETs can be configured. Additionally, all these RESET can be configured BWP-specifically, e.g., using UE-specific PRB indexing defined in the BWP.

To summarize, we have the following table for rate-matching RESETs configuration.

Table 1 Configuration of rate-matching RESETs
	Use case
	Configuration

	
	RB-symbol level
	RE-pattern level
	Semi-static only
	L1-signalling based
	Cell-specific
	BWP-specific

	#1
	√
	
	√
	
	√
	

	#2
	√
	√
	√
	
	√
	

	#3
	√
	√
	√
	√
	
	√

	#4
	√
	
	√
	√
	
	√


2.2 Configuration of rate-matching RESETs
In the following, we provide points of view on FFS on configuration of rate-matching RESETS [1].

Q1: Does the time-domain pattern(s) configuration in Proposal-2 apply only to bitmap-1 and bitmap-2 pairs(s) not associated with L1 signalling or also to bitmap-1 and bitmap-2 pairs(s) associated with L1 signalling.

According to our response to Q5 in the below, the DCI field for the L1 signalling is present in scheduling DCI if at least one L1-signalling based RESET is configured. As a result, we see no strong motivation to configure bitmap-3 for RESETs associated with L1 signalling. Otherwise, it may complicate UE behavior.
Q2: For configuration of bitmap-1 of RB-symbol level rate-matching resource set. Do you support granularity larger than 1RB. If yes, then what granularities should be supported?
We propose to support larger granularity than 1RB. The motivations come from the following.

For use case #4, the RESET could contain resources of CORESETs. In this case, as the frequency granularity of CORESET is 6 RBs, for PDSCH rate matching around CORESET, granularity 6 can be more efficient and the overhead of first bitmap-1 can be reduced.
In addition, this is beneficial for unified design of signalling for indication of RB-symbol/RE pattern-level RESETs. Consider aforementioned use case #3 where one UE2’s CSI-RS RE will affect two adjacent RBs in UE1’s BWP, as shown in Figure 3. The RE patterns in these two adjacent RBs are quite different. From the perspective of reducing signalling overhead, it is not appropriate to configure two RE-pattern-level RESETs in this case. Instead, it is better to configure a RBG-symbol level resource unit within which RE-pattern-level reserved resource is defined. Details will be further discussed in Section 2.3.
Note that 15, 30 and 60 kHz subcarrier spacings are supported for sub 6 GHz band. Bitmap-1 of a RB-symbol level RESET configured with granularity 2 and 4 should thus be supported.

Proposal 1: Support bitmap-1 of a RBG-symbol level RESET configured with RBG granularity 2, 4, and 6. 
Q3: On RB-symbol level, for the semi-static configuration of rate-matching resource sets, UE can be configured with Y1 <= X1 rate-matching resource sets (first, second and a third bitmap) per serving cell using common PRB indexing. 

· FFS X1

· FFS whether maximum number of total bits to configure all resource sets is introduced. 

Based on the above discussions in Section 2.1, RESETs configured per serving cell are used from a perspective of forward or backward compatibility. At most 8 RESETs seems to be enough to cover these use cases.

For RESET configuration using RMSI/OSI, the same numerology as that of RMSI/OSI is used for bitmap-1. For RESET configuration using dedicated RRC, either the same SCS associated with the UE’s BWP or the minimum SCS supported by the frequency band is used.
Proposal 2: Support at most X1 = 8 rate-matching RESETs per serving cell using common PRB indexing.
Q4: On RB-symbol level, for the semi-static configuration of rate-matching resource sets, a UE can be configured with Y2 <= X2 rate-matching resource sets (first, second and third bitmap) per BWP using user-specific PRB indexing.

· FFS X2 

· FFS whether maximum number of total bits to configure all resource sets is introduced.

Based on the above discussions in Section 2.1, RESETs configured per BWP are used for multiplexing between NR-PDSCH and NR RS or NR-PDCCH. At most 8 RESETs seems to be enough.
Proposal 3: Support at most X2 = 8 rate-matching RESETs per BWP using UE-specific PRB indexing.
Q5: The DCI field for the L1 indication depends on Y1 and/or Y2, i.e. not always present.
Similar to CIF field in CA scenario, the DCI field for the L1 indication is present in scheduling DCI only when at least one L1-signalling based RESET is configured.
Proposal 4: The DCI field is present in scheduling DCI only when at least one L1-signalling based RESET is configured.
Q6: In RAN1#91, down-select one of the following L1 signalling mechanisms

· Option 1: 1 bit turns a single resource set on and off, one bit is signaled per each resource set

· Option 2: 1 bit turns all resource sets overlapping with PUSCH/PDSCH on and off

· Option 3: N bits turns a subset of resource sets on and off, 

· FFS: N

· FFS: one resource set can be only in one subset or multiple subsets

· FFS: handling of resources sets outside of the PUSCH/PDSCH allocation

· Option 4: 1 table-entry corresponding to a subset of resource sets turns the subset of resource sets on 

· Option 5: 1 table-entry corresponding to a subset of resource sets turns the subset of resource sets overlapping with PUSCH/PDSCH on

Based on Q4, the general rule for design of the DCI field is to reduce the signalling overhead. In our opinion, the illustration of the DCI field can be determined according to the number of L1 signalling based RESETs configured. For a N-bit DCI field, if the number of configured L1 signalling based RESETs is no larger than N, the DCI field is as a bitmap where each bit turns a single RESET on and off; otherwise, a table with 2N entries is configured with each entry as a subset of RESETs that can be on/off simultaneously and the DCI field is used for indication of one table-entry. 
Proposal 5: N-bit DCI field 
· If the number of configured L1 singalling based RESET is no larger than N, the DCI field is as a bitmap with each bit for a single RESET’s on/off;

· Otherwise, the DCI field is as a table-entry for a subset of RESETs’ on/off.
· Support N = 3 or 4.
Consider an agreed scenario where reserved resources are configured within a BWP. 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 reserved resources 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 CSI measurement inaccuracy. For frequency-domain, it can be a gNB implementation issue to configure multiple CSI resources if subband level CSI measurement and feedback are supported. However, it will be an issue for time time-domain. 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 configured with the BWP. In another word, phase continuity/discontinuity among different partitioned parts should be informed to the UE configured with BWP with reserved resources.
Proposal 6: Phase continuity/discontinuity among different partitioned parts should be informed to the UE configured with the BWP with reserved resources.
Consider a LTE and NR coexistence scenario with limited carrier bandwidth, e.g., 10 MHz. Note that only 8 CCEs can be used for slot-based-scheduling NR-PDCCH, which can only be located in the third symbol to protect LTE CRS. This will further significantly restrict NR-PDCCH coverage. As a result, NR should support NR-PDCCH starting from the first two OFDM symbols. In this case, rate-matching around LTE CRS for NR-PDCCH should also be supported. The method of CRS-based RESET configuration can be reused.
Proposal 7: 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).
2.3 Details for RE-pattern level RESET configuration

Based on the discussions in Section 2.1, RE-pattern level RESET configuration should be supported for at least two use cases, i.e., use cases #2 and #3.

The CSI-RS shown in Figure 3 is based on the CSI-RS configuration as below. 
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A resource unit can be defined on one symbol in the time-domain and a RBG in the frequency-domain. The granularity of the RBG is the same as that of bitmap-1. RE-pattern can be further defined within the resource unit. A bitmap, e.g., bitmap-4 can be introduce to indicate the RE-pattern. Take Figure 2 as an example. The resource unit is defined with 2 RBs in the frequency-domain. Then the RE-pattern can be configured with a starting subcarrier (e.g., 7th) and the number of contiguous subcarriers (e.g., 14).
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Figure 3 RE pattern level rate-matching defined in RBG with granularity 2

For NB-IoT, since NR should be more flexible in resource reserving, the deployment limitation of NB-IoT anchor carrier in in-band mode may not be necessary. As shown in Figure 3, 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. 

Considering that only continuous subcarriers are needed to be indicated, very limited patterns of the subcarriers rather than a bitmap of these two RBs are enough. In addition, NR may also consider reserving resources for eMTC. This would be similar to the coexistence of LTE and NR. In this case, the NR should reserve the resource for the LTE PSS/SSS, PBCH, SIB1-BR, MPDCCH, etc.

Proposal 8: RE-pattern is configured within a resource unit defined on one symbol in the time-domain and one RBG in the frequency-domain. The granularity of the RBG is the same as that of bitmap-1.
· Support RE-pattern indicated with a starting subcarrier and the number of contiguous subcarriers.

During last meeting [3], it was agreed that the number of CRS ports and the LTE v_shift need to be signalled for RE-pattern level RESET configuration for NR-PDSCH rate-matching around LTE CRS. Additional signalling should be considered. The reasons are as follows.
In LTE system, in order to reduce the PAPR and get a better EVM, nothing is transmitted over centre subcarrier. While, the centre subcarrier is not treated specially and also used to transmit signals in NR. Therefore, when LTE and NR with SCS 15 kHz share the same resources, the subcarrier alignments in the lower and upper RBs can be different.  As a result, the reserved subcarriers in NR for CRS are also different on the lower and upper RBs relative to LTE centre subcarrier. As shown in Figure 3, on the lower RBs of LTE centre subcarrier, the subcarrier frequency shift n=Vshift, while it is n=Vshift + 1 on the upper RBs.
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Figure 4 The reserved subcarriers in NR for LTE CRS

In addition, the LTE downlink bandwidth and the NR downlink BWP may partially overlap with each other, which also influence the reserved subcarrier. Therefore, the LTE bandwidth should also be indicated to the NR UE. 

Proposal 9: The LTE center subcarrier carrier location and bandwidth should be indicated to the NR UE in addition to the Vshift and the number of CRS ports for rate-matching around LTE CRS.
3 Conclusion
Proposal 1: Support bitmap-1 of a RBG-symbol level RESET configured with RBG granularity 2, 4, and 6.
Proposal 2: Support at most X1 = 8 rate-matching RESETs per serving cell using common PRB indexing.
Proposal 3: Support at most X2 = 8 rate-matching RESETs per BWP using UE-specific PRB indexing.
Proposal 4: The DCI field is present in scheduling DCI only when at least one L1-signalling based RESET is configured.
Proposal 5: N-bit DCI field 
· If the number of configured L1 singalling based RESET is no larger than N, the DCI field is as a bitmap with each bit for a single RESET’s on/off;

· Otherwise, the DCI field is as a table-entry for a subset of RESETs’ on/off.

· Support N = 3 or 4.
Proposal 6: Phase continuity/discontinuity among different partitioned parts should be informed to the UE configured with the BWP with reserved resources.
Proposal 7: 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 8: RE-pattern is configured within a resource unit defined on one symbol in the time-domain and one RBG in the frequency-domain. The granularity of the RBG is the same as that of bitmap-1.
· Support RE-pattern indicated with a starting subcarrier and the number of contiguous subcarriers.

Proposal 9: The LTE center subcarrier carrier location and bandwidth should be indicated to the NR UE in addition to the Vshift and the number of CRS ports for rate-matching around LTE CRS.
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