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Introduction
In their LS [1], RAN4 informed RAN1 of further decisions on TDD UE capability for DMRS bundling maximum duration, including RAN4’s understanding of what the maximum duration capability for TDD refers to, and the values of maximum duration that are supported. In this contribution, we discuss implications of these agreements on UE capability for DMRS bundling maximum duration, possible clarifications of maximum duration that may help RAN4 and RAN5 to specify performance requirements and tests, and configurations that should be supported in the tests from a RAN1 perspective.  Proposals and a draft LS are provided to form the basis for a reply to RAN4 (CC: RAN5).
Discussion 
In [1], RAN4 provide their understanding of maximum duration for TDD and the value range of the maximum duration with the following:
For the length of maximum duration for TDD:
· Regarding the RAN1 request for maximum duration, RAN4 understands that the UE capability for TDD refers to the number of consecutively transmitted UL slots over which the UE can meet the phase consistency requirement, assuming no phase/power consistency violating events in between.
· For the above UE capability (as defined), RAN4 has further concluded that the set of values of duration lengths should at least include {2, 4, 8} slots, and whether 16 slots can be included in the set of values for UE capability reporting is up to RAN1 to decide, but RAN4 does not intend to define requirements for 16 slots for TDD in Rel-17.
The RAN4 understanding in terms of “consecutively transmitted UL slots” is not strictly correct according to the definition in RAN1. The maximum duration is the maximum number of consecutive downlink or uplink slots in which the UE is capable to maintain continuity/consistency, and so the maximum duration becomes an upper limit of a nominal TDW length, according to the agreement in RAN1#107e:  
Agreement
· The candidate values of the window length L of the configured TDW can be any integer value that is larger than 1 and no larger than the maximum duration.
The UE shall maintain continuity/consistency over all slots in an ‘actual’ TDW within the ‘nominal’ TDW, and the actual TDW can be no larger than the maximum duration capability.  If a nominal TDW includes a DL slot, then the UE is not required to maintain continuity/consistency across the DL slot in Rel-17.  
Observation 1:
· RAN4’s understanding of maximum duration for TDD does not appear strictly correct, since it does not seem to allow for both downlink and uplink slots in a nominal time domain window with maximum duration.
The RAN4 understanding may lead to poorly performing test configurations for certain TDD patterns if a TDD UE supports only the minimum capability of 2 slot maximum duration.  This can be explained with the example below for a ‘DDSUU’ pattern.  Here, we consider PUSCH repetition Type A with physical slot counting and numberOfRepetitions set as 7. There are 4 transmissions of Rel-15 Type A PUSCH repetitions. A baseline UE for comparison supports the maximum duration of 5 slots. The nominal time domain window (nTDW) length is 2 and 5 according to their capabilities.  The UEs do not use available slot counting here, and so the nTDWs occupy the consecutive slots.  Pairs of repetitions in a same nTDW can have phase continuity and can therefore form an ‘actual’ TDW.  These are marked with green text.  As can be seen, a two slot long nTDW precludes phase continuity for repetitions 3 and 4, while a 5 slot long nTDW is OK for all repetitions.  
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Two distinct problems can occur when the UE is configured with the above TDW length for the TDD pattern.  Firstly, the link gains from DMRS bundling are reduced, since half of the DMRS can be coherently combined compared to a longer configured TDW length where the TDWs are not split.  Second, a UE that is completely compliant with 3GPP specs may fail the test, since it may have arbitrarily large phase jumps between the repetitions in different TDWs, but the test will require it to have small phase errors (within the tolerance allowed by RAN4).
If the UE capable of maximum duration of 2 slots were instead to be configured with available slot counting, the 2 slot long nTDWs always occupy the two UL slots, and so they can be bundled together:
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Observation 2:
· When available slot counting is not used, small maximum duration capabilities such as 2 slots can lead to split time domain windows for certain TDD patterns. 
· UEs compliant with 3GPP specifications may fail tests, since the tests require the UEs to maintain coherence for all TDWs. 
· This also degrades DMRS bundling performance. 
· When available slot counting is not used, the windows are not necessarily split for UEs with maximum duration of at least 5 slots.
· When available slot counting is used, the windows are not split by TDD patterns
Given RAN4’s understanding above that uses the consecutive number of uplink slots, rather than consecutive downlink or uplink slots, it may not be clear to RAN4 that nTDWs can be split, and RAN4 may develop performance requirement setups that result in poor performance due to these split TDWs.  RAN5 may also need to select appropriate RRC parameters, and so we think they should be CC’d in the LS. Therefore, we propose:
Proposal 1:
Inform RAN4 the following, and CC: RAN5: 
· RAN1 would like to clarify that the maximum duration corresponds to a maximum time domain window size of consecutive slots that can be configured to the UE, and that this size can include a number of DL as well as UL slots in TDD.  In other words, the maximum duration is the maximum number of slots within which a subset of slots must have continuity/consistency.
RAN4 should also be informed of the implications of this clarification for the smaller values of maximum duration, particularly for the 2 slot maximum duration.  We therefore also propose
Proposal 2:
Suggest the following to RAN4, and CC: RAN5:
· Small values of maximum duration such as two slots can have impaired DMRS bundling performance for certain TDD patterns such as DDSUU when UEs are not also configured with available slot counting.  Therefore, RAN1 would suggest to configure available slot counting if two slot maximum duration capabilities are to be tested with DDSUU TDD patterns.  In general, RAN1 would suggest to provide whether available slot counting is configured or not configured as a parameter when performing minimum requirement testing.

Summary
Based on the discussion, we made the following observations:
Observation 1:
· RAN4’s understanding of maximum duration for TDD does not appear strictly correct, since it does not seem to allow for both downlink and uplink slots in a nominal time domain window with maximum duration.
Observation 2:
· When available slot counting is not used, small maximum duration capabilities such as 2 slots can lead to split time domain windows for certain TDD patterns
· UEs compliant with 3GPP specifications may fail tests, since the tests require the UEs to maintain coherence for all TDWs
· This also degrades DMRS bundling performance, 
· When available slot counting is not used, the windows are not necessarily split for UEs with maximum duration of at least 5 slots.
· When available slot counting is used, the windows are not split by TDD patterns
Which lead to the following proposals:

Proposal 1:
Inform RAN4 the following: 
· RAN1 would like to clarify that the maximum duration corresponds to a maximum time domain window size of consecutive slots that can be configured to the UE, and that this size can include a number of DL as well as UL slots.  In other words, the maximum duration is the maximum number of slots within which a subset of slots must have continuity/consistency.
Proposal 2:
Suggest the following to RAN4:
· Small values of maximum duration such as two slots can have impaired DMRS bundling performance for certain TDD patterns such as DDSUU when UEs are not also configured with available slot counting.  Therefore, RAN1 would suggest to configure available slot counting if two slot maximum duration capabilities are to be tested with DDSUU TDD patterns.  In general, RAN1 would suggest to provide whether available slot counting is configured or not configured as a parameter when performing minimum requirement testing.
A draft LS is provided in the Appendix capturing the proposals and referring RAN4 and RAN5 to the additional background given in this contribution.
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1. Overall Description:
In [1], RAN4 provide their understanding of maximum duration for TDD and the value range of the maximum duration with the following:
For the length of maximum duration for TDD:
· Regarding the RAN1 request for maximum duration, RAN4 understands that the UE capability for TDD refers to the number of consecutively transmitted UL slots over which the UE can meet the phase consistency requirement, assuming no phase/power consistency violating events in between.
· For the above UE capability (as defined), RAN4 has further concluded that the set of values of duration lengths should at least include {2, 4, 8} slots, and whether 16 slots can be included in the set of values for UE capability reporting is up to RAN1 to decide, but RAN4 does not intend to define requirements for 16 slots for TDD in Rel-17.
The RAN4 understanding in terms of “consecutively transmitted UL slots” is not strictly correct according to the definition in RAN1. The maximum duration is the maximum number of consecutive downlink or uplink slots in which the UE is capable to maintain continuity/consistency, and so the maximum duration becomes an upper limit of a nominal TDW length. The UE shall maintain continuity/consistency over all slots in an ‘actual’ TDW within the ‘nominal’ TDW, and the actual TDW can be no larger than the maximum duration capability.  If a nominal TDW includes a DL slot, then the UE is not required to maintain continuity/consistency across the DL slot in Rel-17.  Therefore, RAN1 have the following feedback on the RAN4 understanding of UE capability for TDD for maximum duration:
· RAN1 would like to clarify that the maximum duration corresponds to a maximum time domain window size of consecutive slots that can be configured to the UE, and that this size can include a number of DL as well as UL slots in TDD.  In other words, the maximum duration is the maximum number of slots within which a subset of slots must have continuity/consistency.
RAN1 would further like to highlight to RAN4 that certain TDD patterns used for UEs with small maximum duration capabilities such as 2 slots, may result in poor performance as described in [2]. RAN1 have the following observation and suggestions:
· Small values of maximum duration such as two slots can have impaired DMRS bundling performance for certain TDD patterns such as DDSUU when UEs are not also configured with available slot counting.  Therefore, RAN1 would suggest to configure available slot counting if two slot maximum duration capabilities are to be tested with DDSUU TDD patterns.  In general, RAN1 would suggest to provide whether available slot counting is configured or not configured as a parameter when performing minimum requirement testing.

2. Actions:
To RAN4:
ACTION: 	RAN1 respectfully asks RAN4 to take the above information into account in their work on NR coverage enhancement for DMRS bundling, specifically:
· Consider the above feedback on UE capability for TDD for maximum duration when developing minimum performance requirements
· RAN1 suggest to configure available slot counting if two slot maximum duration capabilities are to be tested with DDSUU TDD patterns
· RAN1 also suggest to provide whether available slot counting is configured or not configured as a parameter when performing minimum requirement testing.
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