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1 Introduction
In the previous meeting, some details on semi-static configuration for rate-matching resource set(s) are agreed as following [1]:
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)
From the email discussion [90b-NR-38], following proposals are further captured.
Proposal-1:
Working assumptions: 

· On the RB-symbol level, NR supports at least UE specific RRC configuration of at least the following parameters for a DL 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

Proposal-2:
· On the RB-symbol level, for a DL 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 lengh 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. (indented)

· FFS configuration of bitmap-3 or other method by RMSI/OSI

Proposal-3: 

· On the RB-symbol-level for a DL rate-matching resource set(s), 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.
This contribution discusses remaining issues on rate matching.
2 Remaining issues on rate matching
2.1 Discussions on rate matching around SS block

Different SCS for SS block and PDCCH/PDSCH
The subcarrier spacing configured for the SS/PBCH block and the PDCCH/PDSCH in slots not containing the SS/PBCH block can be different. In order to maximize resource utilization in slots containing SS/PBCH blocks, it should be determined  how the UE receives PDCCH/PDSCH in OFDM symbols which contain the SS/PBCH block. 

Some alternatives to solve the problem are described as below:

Alt1) when trying to receive PDCCH/PDSCH in slot with SS/PBCH block, a UE assumes by default that the PDCCH/PDSCH assigned in the same OFDM symbol as SS/PBCH block uses the same SCS as the SS/PBCH block. An advantage of this alternative is that no guard band between the SS/PBCH block and the PDCCH/PDSCH is needed, hence full resource utilization is possible. Another advantage is that it allows the UE to potentially utilize SS/PBCH block signals (NR-SSS and PBCH DMRS) for channel estimation of PDCCH/PDSCH (in addition to the PDCCH/PDSCH DMRS) which can improve channel estimation accuracy for low SINR UEs and potentially allow for improved coverage for the higher carrier frequencies of NR relative to LTE on cellular bands. 
Alt2) when trying to receive in slot with SS/PBCH block, a UE assumes that PDCCH/PDSCH assigned in the same OFDM symbol as an SS/PBCH block uses the same SCS as the configured PDCCH/PDSCH SCS in slots not containing SS/PBCH blocks. An advantage of this approach is that it can work for all combinations of SS/PBCH block and PDSCH/PDCCH SCSs. This alternative implies that the UE should be able to perform base band signal processing on samples with different SCS simultaneously so that the UE can maintain synchronization with the SS/PBCH block and receive the PDCCH/PDSCH in the same OFDM symbol. However, when not all UEs can be assumed to be capable of doing so, there needs to be a UE capability signalling to the network on the ability of the UE to simultaneously process signals with different SCSs. 
Proposal 1: When different SCS is configured for SS/PBCH blocks and for PDCCH/PDSCH in slots not containing SS/PBCH blocks, specify SCS for PDCCH/PDSCH to be either same or different than SCS of SS/PBCH blocks in the same OFDM symbol.  
SS Block/PDSCH/DMRS Resource Conflict
When normal resource allocation for PDSCH without SS/PBCH blocks in consideration is used, based upon the above agreements in NR, there is a possibility of OFDM symbol level resource mapping conflict between SS/PBCH blocks and PDSCH/DMRS, in the sense that the PDSCH/DMRS mapping collides with SS/PBCH mapping. One of examples is shown in Figure 1. Figure 1 assumes the same SCS for both PDSCH and SS/PBCH blocks. Moreover, “slot-based scheduling” is assumed, but it can be easily seen that resource conflict occurs for “non-slot-based scheduling” as well. 
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Figure 1: OFDM symbol level resource mapping conflict 

PDSCH/DMRS resource mapping needs to be determined to avoid collision with SS/PBCH blocks when PDSCH is assigned in resource blocks overlapping with SS/PBCH blocks.
Some alternatives to solve the SS/PBCH block/PDSCH/DMRS conflicts are described below:
Alt 1) The UE is configured with more than one DMRS mapping type or location, one (or more) of which avoids collision with the SS/PBCH block. The DL assignment DCI indicates DMRS mapping type, e.g. one or more bits can be included in the DCI format for such indication. An example is shown in Figure 2, where DMRS position is changed from the 4th OFDM symbol to the 2nd OFDM symbol in the slot. 
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Figure 2: Resolution of resource conflict
Alt 2) Same as Alt 1, but the DMRS position which avoids collision with SS/PBCH block is implicitly applied by the UE instead of explicit signalling in DCI format. In this alternative, the UE assumes a first configuration (e.g., DMRS position which avoids collision according to Alt 1, i.e., the 2nd symbol in Figure 2) when the PDSCH is assigned in resource blocks overlapping with the SS/PBCH block; else the UE assumes a second configuration (e.g., the other DMRS position according to Alt 1, i.e., the 4th symbol). 
Proposal 2: To address OFDM symbol level resource mapping conflict between SS/PBCH blocks and PDSCH/DMRS consider support for explicit or implicit signaling for DMRS mapping with more than one DMRS mapping types configured.

2.2 Discussion on semi-static configuration
Discussions on RB-symbol level configuration
A pair of bitmaps (i.e., bitmap-1 for frequency-domain and bitmap-2 for time-domain) and kronecker product between two bitmaps can be used for RB-symbol level rate-matching resource set configuration. 

Regarding bitmap-1, 1-RB granularity should be supported for full flexibility in resource set configuration. At least for rate-matching around short/long PUCCH, 1-RB granularity is necessary. Using larger than 1-RB granularity can be further considered to reduce RRC overhead. 
In case of CORESET rate matching, 6-RB granularity is likely to be the best option. Also, as an extreme case, a large portion, such as half of system bandwidth of NR, can be reserved during certain time periods due to LTE-NR coexistence, for example if the bandwidths of LTE and NR are 10 MHz and 20 MHz, respectively. Depending on the scenarios, the optimal RB granularity in terms of RRC overhead will be different; however, it is not desirable/necessary to support all possibilities for RB granularity. A set of RBG sizes for data scheduling and 6-RB for additional granularity resulting in granularity of {1, 2, 4, 6, 8, 12, 16, 24} RBs is expected to be sufficient.

Proposal 3: For bitmap-1, RB granularities of {1, 2, 4, 6, 8, 12, 16, 24} are supported.
Regarding bitmap-2, bitmap sizes of 28 symbols and 56 symbols and possibly 112 symbols, in addition to 14 symbols, should be considered. This is for configuring rate-matching resource set(s) having different subcarrier spacing from a target physical channel or for supporting multi-slot scheduling or multi-slot PUCCH transmissions (particularly multi-PRB ones). 
Proposal 4: For bitmap-2, bitmap size of 14/28/56/112 symbols are supported.

Rate-matching resource set(s) can be configured either per cell or per BWP and it should be up to gNB implementation. Cell-specific configuration is beneficial for efficient signalling, e.g., it can avoid that a same rate-matching resource is configured multiple times for each of BWP. On the other hand, BWP-specific configuration is necessary for configuring rate-matching resource sets having various numerologies.

Proposal 5: UE can be configured with rate-matching resource set(s) either per cell or per BWP. 
By adopting third bitmap (bitmap-3), periodicity of certain rate-matching resource set(s) can be configured. 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 should be configured regardless of whether the pair of bitmap-1 and bitmap-2 is associated with L1 signalling or not. Otherwise, unnecessary DCI bits will be transmitted even if there is no rate matching resource set associated with that L1 signalling.

Proposal 6: Bitmap-3 is configured regardless of whether the pair of bitmap-1 and bitmap-2 is associated with L1 signalling or not.
For PUSCH rate-matching on RB-symbol level, the same RRC configuration mechanism of PDSCH can be applied. The main purpose of UL is for PUSCH rate-matching around SRS and PUCCH but potentially also for LTE-NR coexistence, for example when certain narrow-bands are used for repetitions of UL channels for MTC. Basically, there is no difference between PDSCH and PUSCH rate matching (UL/DL duality). Further, since PUCCH resources can be configured in any symbols and any RBs taking into account mini-slot operation together, full flexibility in rate-matching resource set(s) configuration should be supported.

Proposal 7: Same RB-symbol level configuration mechanism applies for DL and UL rate matching.
RE-level configuration is mainly for PDSCH rate-matching around REs occupied by any types of RSs. However, exactly the same functionality can be already realized by ZP CSI-RS configuration since CSI-RS configuration is very flexible in NR. Even for LTE CRS rate-matching, exactly same RE patterns can be configured by using ZP CSI-RS. Therefore, generic RE-level configuration is not needed now as long as other critical use-cases are not found.
Observation 1: Generic RE-level configuration can be achieved by CSI-RS configuration.
2.3 Discussions on L1 signalling
A UE can be configured by RRC signalling rate-matching resource set(s) for which the PDSCH/PUSCH may or may not be mapped based on the L1 signalling. There are two possible alternatives for L1 signalling: UE-specific DCI and GC DCI. 

Efficiency of signaling
Generally, the rate matching resource sets commonly influence rate matching of PDSCHs/PUSCHs for a group of UEs within a system BW (or BWP). Figure 3 shows an example of rate-matching resource set configuration and PDSCH rate matching. Let assume three use-cases of rate matching: i) CORESETs (RM RESET#1 and #2), ii) CSI-RSs (RM RESET#3 and #4), iii) any reserved resources, e.g, LTE-NR coexistence or forward compatibility (RM RESET#5). Among them, almost nothing impacts the rate matching of PDSCH only for a specific UE. The situation is much clearer if we take into account RA type-0 (i.e., bitmap) for PDSCH scheduling since a PDSCH can be distributed within a system BW as shown in Figure 3. 
The scenario making the UE-specific DCI meaningful is a specific corner case. Only when the PDSCH are overlapped with its own CORESET, UE-specific DCI can be useful with very low probability. For example, all following conditions should be satisfied together:
1) A PDSCH is transmitted to a UE in same frequency location where the CORESET for the UE is configured.

2) There are no transmitted DCIs except for the DL DCI corresponding to the PDSCH in the overlapped region between PDSCH and CORESET.

3) The beams used for the PDSCH and CORESET are the same.

Taking into account above conditions, only for (a) case in Figure 4, UE-specific DCI can give a potential gain, while, for all other cases of (b), (c), (d), GC DCI signalling is enough. 
Satisfying all the above conditions is difficult due to several reasons, e.g., i) a CORESET is usually shared for multiple UEs, ii) common DCI, DL DCI, and UL DCI for a UE can be transmitted at the same time, iii) generally, different beams will be used for PDCCH and PDSCH in bands above 6GHz.
Therefore, GC DCI is more appropriate as a L1 signalling for dynamic resource reuse. Most of all, for a unified solution to cover all of the rate matching scenarios (e.g., CORESET, PUCCH, CSI-RS, LTE-NR coexistence, etc.), GC DCI should be prioritized than UE-specific DCI. Otherwise, a UE-specific DCI needs to have either an unreasonably large field size to address all resources for rate matching, leading to DCI sizes potentially close to or above 100 bits, or significant losses in spectral efficiency need to incur.
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Figure 3: Example of rate-matching resource set(s) configuration and its impact on PDSCHs
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Figure 4: Examples of PDSCH rate matching scenarios.
Observation 2: In terms of signaling efficiency, GC DCI is better than UE-specific DCI for most of rate-matching scenarios since the rate-matching resources impact PDSCHs/PUSCHs for multiple UEs, for ‘slot-based’ and for ‘mini-slot’ based scheduling, for multi-slot PDSCH/PUSCH transmissions, and for multi-beam operation.

Consideration on number of bits for L1 signaling

There is a fundamental trade-off between L1 signalling overhead and resource utilization efficiency. Basically more signaling overhead gives more gain. The tradeoff is the gain in spectral efficiency per signaling bit. For example, assuming a GC-DCI size of 40 bits and an aggregation level of 8 CCEs, 48 RBs over 1 symbol are needed. For a slot of 14 symbols, if this can result to recoverable gains in spectral efficiency of about 4 RBs per symbol, the tradeoff is positive for signaling.
For UE-specific DCI, it can be a critical issue to significantly increase the DCI payload size. Based on agreements so far, the potential DCI size is expected to be more than 80 bits as summarized in email discussion [90b-NR-25]. Taking into account reasonable DCI sizes for expected coverage, especially at the higher carrier frequencies of NR relative to LTE, the number of DCI bits used for rate-matching should be limited, e.g. configurable and no more than 3. Consequently, the number of resource set that can be dynamically indicated with UE-specific is limited and cannot practically address cases such as multi-slot scheduling or repetitions of transmissions over multiple slots. 
Conversely, a restriction on the number of bits can be fairly relaxed for GC DCI and around 10~20 bits are expected to be sufficient. The DCI bits for GC DCI can correspond to the rate-matching resource set(s) for both of PDSCH and PUSCH.
Observation 3: Better resource utilization gain is expected for GC DCI since the number of bits (i.e., number of rate matching resource sets that can be indicated by L1 signaling) can be much larger for GC-DCI than for UE-specific DCI.

Reliability

If GC PDCCH decoding fails, PDCCH decoding fails with near certainty – these are heavily correlated events. First, the reliability of GC DCI is much better than UE-specific DCI since GC DCI has smaller size and typically uses higher aggregation levels compared to UE-specific DCI. Also, due to correlated interference/fading in a CORESET for a UE, when the UE fails to detect the GC DCI, it is practically certain that the UE also fails to detect the UE-specific DCI. The UE will not have bad fading/interference for one but not for the other. Therefore, it is hard to expect in practice the case that UE-specific DCI decoding succeeds and GC-DCI decoding fails.

Observation 4: Reliability is not an issue when GC DCI is used.
Decoding latency

Decoding of GC DCI can be realized immediately since the size of GC DCI and number of PDCCH candidates can be small. Similar conditions exist for URLLC, SFI, self-contained slot operation, etc. Furthermore, it is also possible to implement parallel decoders for GC DCI and UE-specific DCI since the success or failure of GC DCI decoding does not impact on the UE-specific DCI decoding.
Observation 5: Latency is not an issue when GC DCI is used.

Specification impact
Indicating resources for rate matching is essentially equivalent to indicating resources for preemption. Although what is indicated is different, the overall operation can be similar to that of SFI indicating a slot combination from a configured set of slot combinations.

Observation 6: Use of GC DCI for rate matching can re-use existing designs in NR.
Proposal 8: L1 signaling by GC DCI is supported for dynamic resource reuse for both of PDSCH and PUSCH.
Proposal 9:  L1 signaling by UE-specific DCI can be considered as a network alternative to GC-DCI only for PDSCH rate matching around the CORESET including the DL DCI scheduling the PDSCH.

2.4 Discussions on UE behaviours for other channel/signals

UE behaviours should be defined when other channels/signals such as PDCCH/PUCCH/ RSs (CSI-RS, DMRS,TRS,…) overlap with reserved resources. 
At least SSB should be perfectly preserved from reserved resources, i.e., SSB is neither rate matched nor punctured around reserved resources. The gNB should avoid the overlapping between SSB and reserved resources but there is no impact on the UE behaviour.
PDCCH/PUCCH can be rate matched around reserved resources like data channels. Basically, the gNB should re-configure PDCCH/PUCCH regions if they are overlapped with reserved resources. However, if the reserved resources are going to last only for a very short time period, re-configuring all PDCCH/PUCCH resources overlapped with the reserved resource may be inefficient in term of signalling. In this case, it is more desirable to perform rate-matching of PDCCH/PUCCH around reserved resources rather than to re-configure. PDCCH candidate dropping can also be considered.
RSs can be punctured around reserved resources. As above, re-configuring all RSs overlapped with the reserved resource is not a good solution if the reserved resources only impact few milliseconds. Simple puncturing is better than rate matching for RSs to avoid any UE misunderstanding on the RS resources when the RSs are shared for different UEs. Especially for measurement RS like wideband CSI-RS, material operational impact is not expected if RSs are punctured for short time. 
Proposal 10: PDCCHs/PUCCHs are rate matched or dropped when they overlap with reserved resources.
Proposal 11: RSs are punctured when they overlap with reserved resources.

3 Conclusion
This contribution discussed remaining issues on rate matching and the followings were proposed.
Proposal 1: When different SCS is configured for SS/PBCH blocks and for PDCCH/PDSCH in slots not containing SS/PBCH blocks, specify SCS for PDCCH/PDSCH to be either same or different than SCS of SS/PBCH blocks in the same OFDM symbol.  
Proposal 2: To address OFDM symbol level resource mapping conflict between SS/PBCH blocks and PDSCH/DMRS consider support for explicit or implicit signaling for DMRS mapping with more than one DMRS mapping types configured.

Proposal 3: For bitmap-1, RB granularities of {1, 2, 4, 6, 8, 12, 16, 24} are supported.

Proposal 4: For bitmap-2, bitmap size of 28/56/112 symbols are supported.

Proposal 5: UE can be configured with rate-matching resource set(s) either per cell or per BWP. 

Proposal 6: Bitmap-3 is configured regardless of whether the pair of bitmap-1 and bitmap-2 is associated with L1 signalling or not.

Proposal 7: Same RB-symbol level configuration mechanism applies for DL and UL rate matching.
Proposal 8: L1 signaling by GC DCI is supported for dynamic resource reuse for both of PDSCH and PUSCH.

Proposal 9:  L1 signaling by UE-specific DCI can be considered as a network alternative to GC-DCI only for PDSCH rate matching around the CORESET including the DL DCI scheduling the PDSCH.

Proposal 10: PDCCHs/PUCCHs are rate matched or dropped when they overlap with reserved resources.
Proposal 11: RSs are punctured when they overlap with reserved resources.

Also, the following observations are captured.

Observation 1: Generic RE-level configuration can be achieved by CSI-RS configuration.

Observation 2: In terms of signaling efficiency, GC DCI is better than UE-specific DCI for most of rate-matching scenarios since the rate-matching resources impact on the PDSCHs/PUSCHs for multiple UEs.

Observation 3: Better resource utilization gain is expected for GC DCI since the number of bits (i.e., number of rate matching resource sets that can be indicated by L1 signaling) can be much larger for GC-DCI than for UE-specific DCI.

Observation 4: Reliability is not an issue when GC DCI is used.

Observation 5: Latency is not an issue when GC DCI is used.
Observation 6: Use of GC DCI for rate matching can re-use existing designs in NR.
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