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Introduction
In this document, we discuss following.
- RE level signalling
- PUSCH aspect
- L1 based signalling
- RMSI based indication of rate matching resource
- Relation among resource allocation and multiple rate matching signals
- Restriction on the pattern

Discussion
RE level signalling
For PDSCH, RB-symbol level rate matching resource set using bitmap-1, 2 and 3 was agreed over email discussion. In order to reserve at least NZP/ZP CSI-RS, RE level signalling needs to be separately agreed in order to allow independent resource utilization NZP/ZP CSI-RS. Our proposal is a kind of the combination to reuse RB-level rate matching resource set and CSI-RS signalling framework as following.
- For subcarrier position indication in a PRB, Bitmap-0 of 12 REs is defined and used.
According to following agreement, any subcarrier in a PRB can be CSI-RS.
The starting subcarrier of a CSI-RS component RE pattern
•	For 1 port CSI-RS, there is no restriction
•	For Y=2, is constrained to be one among even subcarriers, in the given PRB (indexed from 0)
•	For Y=4, is constrained to be one among subcarriers 0, 4, 8, in the given PRB (indexed from 0)
Therefore, full flexibility using bitmap-0 is reasonable.
- For symbol position indication in a PRB, Bitmap-2 of 14 symbols is used.
It seems {1, 2, 3, 6, 7, 8, 9, 10, 11, 13, 14}-th OFDM symbol (indexing start at 1) are already agreed as CSI-RS. Therefore, 14-symbol bitmap is reasonable.
- For RB position indication in the frequency domain, Bitmap-1 or modification of CSI-RS related configuration
To reuse bitmap-1 is full flexibility but such full flexibility may not be used for CSI-RS usage. The signalling overhead is also increased. Then selection between bitmap-1 or the modification of CSI-RS related configuration can be reasonable.
- For slot level periodicity, instead of using bitmap-3, to reuse CSI-RS related periodicity configuration
There is certain periodicity to CSI-RS usage and not arbitrary pattern is required. Therefore, we propose to reuse CSI-RS related periodicity configuration.
Based on the above discussion, we propose following RE level signalling design.
Proposal 1: For PDSCH RE level signalling of reserved resource, 
- For subcarrier position indication in a PRB, Bitmap-0 of 12 REs
- For symbol position indication in a PRB, Bitmap-2 of 14 symbols is used.
- For RB position indication in the frequency domain, Bitmap-1 or modification of CSI-RS related configuration are used.
- For slot level periodicity, to use modification from CSI-RS related periodicity.

PUSCH aspect
Regardless of the modulation scheme is CP-OFDM or DFT-s-OFDM, uplink resource allocation should be rectangular shape in order to allow constant UE power over multiple symbols. If not, transient period and phase discontinuity makes inefficient situation like other symbol's DMRS cannot be used for the demodulation. Therefore, full flexibility of reservation signal is not required. On the other hand, the mechanism to reserve the symbols for SRS and short PUCCH are required. To use SFI for reserving such symbols is another possibility but our understanding is current agreement of SFI does not allow to have reserved symbol at the end of slot. Therefore, by time domain scheduling information for L1 or bitmap-2(symbol) and bitmap-3 (slot) combinations are possibility. Instead of bitmap-3, to reuse the periodicity signalling for SRS is also possibility
RAN1 has agreed to allow short PUCCH in the middle of UL resource and not the end of a slot for at least non-slot scheduling of HARQ-ACK/NACK and SR usage. For such usage, our view is to reserve certain PRBs over a slot as such usage requires almost any symbol needs to be allowed to be sent. We don't assume interruption of PUSCH by short PUCCH in the middle of a slot as it does not allow rectangular shape transmission. 
Proposal 2: UL transmission is basically rectangular shape transmission without reservation of PRB/REs in order to have the same transmission power over a PUSCH.
Proposal 3: The mechanism to reserve SRS and short PUCCH is required. This is possible by time domain scheduling information for L1 or bitmap-2(symbol) and bitmap-3 (slot) combinations. Instead of bitmap-3, to reuse the periodicity signalling for SRS is also possibility.
Proposal 4: PUSCH is punctured in the middle of PUSCH transmission is not supported. Arbitrary symbol transmission of short PUCCH is realized by FDM. 

L1 level signalling
Different use case requires orthogonal behaviour of reservation of the resource, i.e. how CORESET are reserved in a slot does not have the correction to how CSI-RS are reserved. Our thinking on the use case and corresponding reservation are following.
- For CORESET reservation, 4 sets of RB-symbol bitmap-1/2 pair is dynamically selected. Bitmap-2 position can be limited to the first 3 symbols in a slot.
- For future usage, 4 sets of RB-symbol bitmap-1/2 pair is dynamically selected.
- For CSI-RS reservation, 4 sets of RE bitmap-0/1 pair is dynamically selected.
- For short PUCCH/SRS reservation, 4 sets of symbol bitmap2 is dynamically selected. (Note this can be time domain scheduling information but dynamically select among 4 symbol reservation). Bitmap-2 position can be limited to the last 4 symbols in a slot is also possibility.
Above different use case can be generalized as following mechanism.
- 2 sets of 2 bits L1 field for rate matching resource of RB-symbol level is signalled to UE. Each set contains 4 pairs of bitmap-1/2 and this set is configured by UE specific RRC.
- 1 set of 2 bits L1 field for rate matching resource of RE level is signalled to UE. A set contains 4 pairs of bitmap-0/1 and this set is configured by UE specific RRC.
- 1 sets of 2 bits L1 field for rate matching resource of symbol level is signalled to UE. Each set contains 4 bitmap-2 and this set is configured by UE specific RRC.
The total amount of above requires 8 bits for rate matching usage in PDCCH. In case of UE specific DCI, 6 bits for DL related DCI and 2 bits for UL related DCI are required. The amount of DCI overhead is large. Therefore, above 8 bits should be allowed to be sent over GC-PDCCH. Some concern was shown that GC-PDCCH is unreliable in the past discussion. Our view is rate matching usage is applied to PCFICH in LTE and GC-PDCCH in NR is more reliable design thanks to lower coding rate and CRC. Therefore, we don't understand the concern well.

Proposal 5: L1 signalling for rate matching resource is following.
- 2 sets of 2 bits L1 field for rate matching resource of RB-symbol level is signalled to UE. Each set contains 4 pairs of bitmap-1/2 and this set is configured by UE specific RRC.
- 1 set of 2 bits L1 field for rate matching resource of RE level is signalled to UE. A set contains 4 pairs of bitmap-0/1 and this set is configured by UE specific RRC.
- 1 sets of 2 bits L1 field for rate matching resource of symbol level is signalled to UE. Each set contains 4 bitmap-2 and this set is configured by UE specific RRC.
Proposal 6: Rate matching resource is allowed to be signalled via UE specific DCI and GC-PDCCH carrying SFI. 

RMSI based indication of rate matching resource
Reservation signal of slot level is equivalent to LTE's MBMS slot usage bit map and eMTC/NB-IoT's reservation slot bitmap. These are given by SIB1, which is RMSI equivalent. When certain slot or PRBs are commonly reserved for future usage among UEs, to signal via RMSI is natural and can save UE specific RRC overhead and L1 signalling. Therefore, we propose to support RMSI based indication of rate matching resource.
Proposal 7: DL RB-symbol, DL RE-symbol, and UL Symbol level semi-static reservation can be signalled via RMSI.

Relation among resource allocation and multiple rate matching signals
As there are many reservation (rate matching) signals are given to UE, the relation of all signals needs to be clarified. In addition, the relation to the resource assignment also needs to be clarified. We propose following.
Proposal 8: Within the time/frequency resource assigned by resource assignment, "OR" relation of all rate matching signals (reservation signal) including semi-static/dynamic and UE specific/UE common are reserved. 


Restriction on the pattern
Because of the flexible signalling design of the reservation signal, the test effort to check all combination is significant and some pattern of bitmap does not allow proper UE operation. Therefore, in addition to the signalling design, the rule need to be defined. For example, UE is not required to perform the case DMRS is missing, the NZP CSI-RS can be assumed to be available for the measurement from UE perspective and so on. This rule can be defined in RAN1 spec or RAN4 spec.
Proposal 9: In addition to signalling mechanism of reserved signal, in order not to mandate unreasonable UE behaviour, some rule of reservation pattern need to be defined either RAN1 or RAN4. Such example is DMRS availability and CSI-RS availability.

Conclusion
We discussed reserved resource, and we propose following.
Proposal 1: For PDSCH RE level signalling of reserved resource, 
- For subcarrier position indication in a PRB, Bitmap-0 of 12 REs
- For symbol position indication in a PRB, Bitmap-2 of 14 symbols is used.
- For RB position indication in the frequency domain, Bitmap-1 or modification of CSI-RS related configuration are used.
- For slot level periodicity, to use modification from CSI-RS related periodicity.
Proposal 2: UL transmission is basically rectangular shape transmission without reservation of PRB/REs in order to have the same transmission power over a PUSCH.
Proposal 3: The mechanism to reserve SRS and short PUCCH is required. This is possible by time domain scheduling information for L1 or bitmap-2(symbol) and bitmap-3 (slot) combinations. Instead of bitmap-3, to reuse the periodicity signalling for SRS is also possibility.
Proposal 4: PUSCH is punctured in the middle of PUSCH transmission is not supported. Arbitrary symbol transmission of short PUCCH is realized by FDM. 
Proposal 5: L1 signalling for rate matching resource is following.
- 2 sets of 2 bits L1 field for rate matching resource of RB-symbol level is signalled to UE. Each set contains 4 pairs of bitmap-1/2 and this set is configured by UE specific RRC.
- 1 set of 2 bits L1 field for rate matching resource of RE level is signalled to UE. A set contains 4 pairs of bitmap-0/1 and this set is configured by UE specific RRC.
- 1 sets of 2 bits L1 field for rate matching resource of symbol level is signalled to UE. Each set contains 4 bitmap-2 and this set is configured by UE specific RRC.
Proposal 6: Rate matching resource is allowed to be signalled via UE specific DCI and GC-PDCCH carrying SFI. 
Proposal 7: DL RB-symbol, DL RE-symbol, and UL Symbol level semi-static reservation can be signalled via RMSI.
Proposal 8: Within the time/frequency resource assigned by resource assignment, "OR" relation of all rate matching signals (reservation signal) including semi-static/dynamic and UE specific/UE common are reserved. 
Proposal 9: In addition to signalling mechanism of reserved signal, in order not to mandate unreasonable UE behaviour, some rule of reservation pattern need to be defined either RAN1 or RAN4. Such example is DMRS availability and CSI-RS availability.
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Previous agreements
Agreements:
· On a RE level, NR-PDSCH of SCS 15kHz can be rate-matched around the following resources:
· LTE CRS
· Rate-matching resource can be semi-statically configured (using LTE v_shift and up to 4 CRS antenna port(s)) for a NR UE
· A UE is not expected to handle the case where NR-PDSCH DMRS REs are over-lapping, even partially, with any RE(s) indicated by the rate-matching configuration.

Agreements:
· On the RB-symbol level, UE can be configured with one or multiple DL resource set(s), each resource set configuration includes a first bitmap of RB granularity and a second bitmap of OFDM symbols within a slot for which the first bitmap applies (i.e. the intersection of two bitmaps). 
· These resource set(s) can be identified as resource sets(s) for which the PDSCH is or is not mapped based on the L1 signalling.
· FFS whether or not the presence of the information field to indicate the resource set is RRC configurable – conclude by Friday
· FFS whether a resource set is applicable in every slot or not (e.g., via a periodic configuration, etc.)
· Conclude by Friday whether or not there is RRC impact
· FFS the case of one DCI scheduling multi-slot transmission
· Note: covers future/backward compatible resource, parts of CORESETs, multiple CORESETs
· FFS L1 signaling is GC PDCCH or scheduling DCI
· CORESET(s) configured to a UE for monitoring can be included in resource set(s)
· If included, the entire COREST is assumed for rate matching when applicable
· These resource set(s) can be identified as resource sets(s) for which the PDSCH is or is not mapped based on the L1 signalling.
· FFS the configuration details of rate matching for semi-static case (w/o L1 signalling)

Agreements:
Working assumptions: 
· For NR_PDSCH
· 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

Agreements:
· For NR_PDSCH
· 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 resource 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

Agreements:
· For NR_PDSCH
· 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. 
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