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1 Introduction

In the last meeting, a lot of agreements were achieved on the rate matching for PDSCH [1]. 
Agreements: 
· The center-subcarrier location (12 bits), bandwidth (3 bits) and MBSFN subframe configuration for a single LTE carrier can be indicated to the NR UE in addition to the Vshift and the number of CRS ports for rate-matching around LTE CRS
For the already agreed resource sets for PDSCH rate-matching: 

· Up to 4 RB-symbol-level resource sets per cell & an indication to indicate for semi-static or dynamic rate matching per resource set by RRC

· Up to [4] RB-symbol-level resource sets per BWP & an indication to indicate for semi-static or dynamic rate matching per resource set by RRC

· For L1 signalling, NR supports 1 bit turns a group of resource-sets on and off, where 1bit is signalled per each group of resource sets 

· At most 2 groups of resource sets can be configured to a UE. The grouping is configured per BWP

· For PUSCH rate matching, no additional impact on RRC configuration in Rel-15

· Length of bitmap-2 can be up to 2 slots

For uplink rate matching, the only consensus is that there is no additional impact on RRC configuration in Rel-15 for PUSCH rate matching. Since the gNB can flexibly adjust the scheduling timing and symbol-level time domain resource allocation for PUSCH transmission, the rate matching for PUSCH is not a big issue. On the other hand, since SRS may occupy up to four consecutive OFDM symbols and start on any symbol within the last 6 symbols of a slot, rate matching of UL channels around SRS should be supported. This contribution addresses UL rate matching details and also treats some remaining issues on downlink rate matching.
2 Discussion
2.1 UL rate matching
Different from the situation we confront in downlink, where there may be other signals or channels such as a PDCCH within a PDSCH resource allocation, PUSCH and PUCCH transmissions are relatively free of such issues given the flexible timing provided in the UL grant or RRC configuration. From this perspective, the multiplexing between PUSCH and PUCCH could be handled through gNB implementation. 
A more critical issue comes from the flexibility of SRS configuration. From the current RRC parameters [2], the SRS is configured only by UE-specific RRC signaling instead of both cell-specific and UE-specific as LTE. Consequently, a UE cannot determine SRS configuration for a different UE. One way is to configure or schedule PUCCH and PUSCH on symbols where SRS is never present. However the overhead penalty may be unacceptable because the SRS could be configured on any 1/2/4 consecutive OFDM symbols within the last 6 symbols of a slot.
For PUSCH, there may be no problem because the time domain resource allocation could be dynamically indicated (or configured in case of grant-free) with symbol level granularity. The gNB could avoid the collision between PUSCH and SRS by implementation. For PUCCH, the resource allocation is configured in a two-step method, i.e. higher layer signaling configures one or more sets of PUCCH resources, where each set may contain multiple PUCCH resources of the same or different PUCCH formats, and L1 signaling indicates the precise resource from a set determined by the UCI payload size. Additionally, the HARQ-ACK feedback timing is also indicated by the DCI. Although gNB knows the SRS configuration for all the UEs and can avoid SRS positions for configured PUCCH, there is still potential for conflict given that for HARQ-ACK feedback the starting symbol and duration of each configured PUCCH resource cannot be dynamically adjusted based  on whether there is SRS or not

[image: image1.emf]SRS PUCCH

Collision

PDSCH

P

D

C

C

H

HARQ-ACK timing


Figure 1: An example of collision between PUCCH and SRS
One way is to configure the resources in a PUCCH resource set taking into account the presence of SRS symbols in a given slot. Assume for example that a UE is configured with set of 4 PUCCH resources for HARQ-ACK, where two resources are configured with 14-symbol duration while the other two are configured with 8-symbol duration in case the SRS region in a given slot can span the last 6 symbols of the slot. If the PUCCH has to be transmitted in a slot containing SRS, the gNB indicates an 8-symbol resource; otherwise, the gNB indicates a 14-symbol resource. The drawback to this solution is that it reduces the collision avoidance capability provided by the full set of 4 resources. 
Another possible mechanism is to configure by RRC signaling RB-symbol-level resource sets that include all SRS configurations within the cell. This is then similar to a cell-specific SRS configuration but provided by UE-specific RRC signaling. For example, if the SRS configurations only map to the last the last four OFDM symbols and the maximum SRS bandwidth is B, a RB-symbol-level resource set is configured with 4 symbols in time domain and B RBs in frequency domain. When UE transmits PUCCH, it could rate match around this set. As shown in the example of figure 2, assuming there are four different SRS configurations, 
· SRS configuration 1 occupies the last one symbol in a slot and B1 RBs in the frequency domain with periodicity 1 slot
· SRS configuration 2 occupies the last two symbols in a slot and B2 RBs in the frequency domain with periodicity 1 slot
· SRS configuration 3 occupies the last three symbols in a slot and B3 RBs in the frequency domain with periodicity 2 slot, offset is one slot
· SRS configuration 4 occupies the last four symbols in a slot and B4 RBs in the frequency domain with periodicity 5 slot, offset is four slot
Based on this example, the RB-symbol-level resource set may be configured to occupy the last four symbols in a slot and max(B1,B2,B3,B4) RBs in the frequency domain with periodicity of 1 slot. It is obvious that the possible resource set for SRS transmission in different slot is different. More than one RB-symbol-level sets with different resource allocation and different periodicity can also be configured. As shown in the figure 3, three RB-symbol-level sets could be configured in this example. The time domain duration, frequency domain bandwidth and periodicity could be configured independently.
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Figure 2: An example of different SRS configuration
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Figure 3: An example of configuring more than one RB-symbol-level resource sets
Proposal: One or more RB-symbol-level -sets could be configured via higher layer signaling for uplink transmission rate matching purpose.
2.2 Remaining issues for DL rate matching
Another open issue is how to handle a collision between PDCCH and SSB. The SSB should have the highest priority because it is one of the key steps for a UE who want to access the network. Considering candidate SSB locations for initial access are confined to the first 5ms of a 20ms SS burst set cycle, while a UE is configured to monitor a PDCCH search space at periodically occurring intervals, collision may occur within the first 5ms of every 20ms. One example is shown in the following figure. Assuming candidate SSB locations for initial access are confined to the first 5ms of a 20ms SS burst set cycle for 15 KHz SCS where up to 8 candidate locations are defined for a carrier frequency between 3 and 6 GHz. Assuming the UE’s search space has an 1ms periodicity and the corresponding CORESET has one OFDM symbol overlapping with SSB which is actually transmitted on the two location candidates in slot 0. The current text in TS 38.213 indicates that the UE rate matches a PDCCH around REs that are part of a SSB. This was not agreed to our knowledge but it is a possible UE behavior. The consequence however of this behavior is that if different TX beams are used for PDCCH and SSB transmission at least in FR2, PDCCH decoding error is likely. Secondly, and perhaps more importantly, DMRS is mapped on each symbol of the CORESET and it would mean that the UE should avoid using the DMRS REs on symbols overlapping with a SSB, resulting in degraded channel estimation. Therefore, rather than perform blind decodes that are likely to fail the UE is better served to save power by skipping the decoding of such PDCCH candidates. A text proposal reflecting this suggested behavior is provided in the Appendix. For the case of localized CCE-to-REG mapping it may happen that some candidates are not overlapping with SSB REs and can be reliably detected when the CORESET partially overlaps with a SSB. 

[image: image4.emf]20ms burst set periodicity

5ms

Slot 0

8 SSB candidate 

location

PDCCH monitoring 

occasion


Figure 4: An example of collision between PDCCH and SSB
Proposal: A UE may skip decoding of a PDCCH candidate when mapped to REs that overlap with a transmitted SSB.
3 Conclusion
This contribution discussed several remaining details of rate matching. The main proposals are summarized below, while some detailed text proposals are provided in the appendix.
Proposal: One or more super-sets could be configured via higher layer signaling for uplink transmission rate matching purpose.
Proposal: A UE may skip decoding of a PDCCH candidate when mapped to REs that overlap with a transmitted SSB.
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5 APPENDIX

10
UE procedure for receiving control information

------------------------------------------------- Text omitted -----------------------------------------------------------------
A UE can be configured by higher layer parameter SSB-periodicity-serving-cell a periodicity of half frames for transmission of SS/PBCH blocks in a serving cell. If the UE has received SSB-transmitted-SIB1 and has not received SSB-transmitted and if REs for a PDCCH reception overlap with REs corresponding to SS/PBCH block indexes indicated by SSB-transmitted-SIB1, the UE receives skips the PDCCH.  by excluding REs corresponding to SS/PBCH block indexes indicated by SSB-transmitted-SIB1. If a UE has received SSB-transmitted and if REs for a PDCCH reception overlap with REs corresponding to SS/PBCH block indexes indicated by SSB-transmitted, the UE receives skips the PDCCH. by excluding REs corresponding to SS/PBCH block indexes indicated by SSB-transmitted
------------------------------------------------- Text omitted -----------------------------------------------------------------
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