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1. Introduction

In RAN1#98 meeting, following agreements were made on single TX-switched UL operation for the case with EN-DC configuration.
	Agreements:

· Regarding the FFS part (in change marks) in the agreement from RAN1 #96bis:

For DL HARQ timing corresponding to the DL-reference UL/DL configuration used in single Tx in EN-DC with TDD Pcell, the following is agreed:

· For LTE DL CA, the SCell uses the same DL-reference UL/DL configuration as the PCell (already agreed in RAN1 #96bis)

· For the LTE TDD SCell with different UL/DL configuration (as in SIB1) as the TDD PCell: use the PDSCH ACK timeline for SCell as in case of LTE FDD-TDD CA with LTE TDD PCell (i.e. Table 10.1.3A-1 in 36.213)

· For the LTE TDD SCell with the same UL/DL configuration (as in SIB1) as the TDD PCell: use the same PDSCH ACK timeline as the LTE TDD PCell (i.e. Table 10.1.3.1-1 in 36.213)

· Support HARQ-offset for SUO case1 in EN-DC with LTE TDD PCell 

· Note: from UE perspective, it is expected that HARQ-offset value doesn’t violate the DL/UL configuration (in SIB1).

· For type 1 UE, the feature is optional. FFS for type 2 UE.

Agreements:

R15 specification on “DL HARQ timing for FDD Scell for LTE TDD-FDD CA with TDD Pcell, applied to FDD Pcell” (i.e., case1 HARQ timing in single UL), is applied to EN-DC UE capable of dual UL Tx in EN-DC with LTE FDD PCell to mitigate DL de-sensing due to Harmonics, at least including:

· UE behavior specified in 36.213 and 36.212

· FFS: all uplink subframes can be scheduled for LTE

Agreements:

When UE is configured with DL-reference config on the LTE PCell to support single UL in EN-DC with LTE TDD PCell, regarding the case of LTE PCell’s TDD pattern 0 & 6 (as configured in SIB1) 

· Not supported in R16.


In this contribution, we discuss on the remaining HARQ related issue on the single TX-switched UL operation (i.e., SUO) for the case with EN-DC.
2. Discussions
Regarding HARQ-ACK feedback in this SUO case, it seems to be currently considered not to support HARQ-ACK fallback by implicit PUCCH format 1a/1b resource since PDCCH CCE-to-PUCCH resource index mapping would be different between SUO UEs and legacy UEs due to use of different DL-reference configuration for DL HARQ timing. Considering potential eNB complexity and scheduling restriction, such way seems to make sense, but it is still necessary to consider on: 1) which PUCCH format is used for the case of HARQ-ACK fallback (e.g. explicit PUCCH format 1a/1b resource by RRC or one of PUCCH format 3/4/5 resources corresponding to ARI signalling), and 2) how to determine PUCCH resource in case without receiving ARI from DL grant PDCCH. 
Regarding this HARQ-ACK fallback issue, it is desirable to allocate an explicit PUCCH format 1a/1b resource by RRC (rather than PUCCH format 3/4/5) in terms of PUCCH resource overhead, and this PUCCH resource is dedicated for the purpose of the fallback HARQ-ACK transmission and thus it corresponds to the PDCCH with DAI = 1. Note that, if one of PUCCH format 3/4/5 resources configured with ARI signalling is reserved for this HARQ-ACK fallback operation, considering potential DL grant DCI missing by the UE (for example, when gNB schedules two PDCCHs with DAI = 1 and 2 but UE detects only one PDCCH with DAI = 1), unlike the legacy LTE, the amount of PUCCH resources to be reserved would be increased (in case of indicating different ARI values in two PDCCHs) or flexible PUCCH resource allocation by dynamic ARI signalling could not be guaranteed (in case of indicating always same ARI value in two PDCCHs).
Furthermore, in case of receiving the PDCCH with DAI = 1 and SPS PDSCH only, PUCCH format 1b with channel selection could be used for the corresponding HARQ-ACK transmission based on two PUCCH format 1b resources dedicated for DAI = 1 and SPS PDSCH. Considering that this SUO UE would basically be LTE TDD UE implementing PUCCH format 1b with channel selection as mandatory capability, no additional complexity would be introduced.
On this issue related to PUCCH format used for fallback HARQ-ACK transmission, there was some arguments between Option 1 to propose use of PUCCH format 3 and Option 2 to propose use of PUCCH format 1a/1b, during the corresponding email discussion after RAN1#98. In the email discussion, our views preferring Option 2 and several concerns on Option 1 were provided sufficiently.

First of all, currently in LTE, it is being allowed so far for eNB to properly change ARI value in DL scheduling PDCCH across subframes with PUCCH transmission, according to eNB’s scheduling decision and/or multi-UE PUCCH multiplexing situation. However, with Option 1, considering DCI missing by UE, for example, eNB schedules two PDCCHs by changing ARI value as 11 for PDCCH with DAI=2 but UE misses the second PDCCH, there would be misalignment in terms of which PUCCH format 3 resource is used for conveying HARQ-ACK (in this case, eNB expects PUCCH corresponding to ARI=11 while UE uses PUCCH corresponding to ARI=00). To avoid this misalignment, eNB need to reserve two PUCCH format 3 resources which cause larger overhead than PUCCH format 1a/1b, but it would be unnecessary large overhead to prevent efficient UL resource utilization. Alternatively, eNB might always use a same ARI=00 for all the PDCCHs for every subframes with PUCCH transmission, however, ARI mechanism becomes useless in such case.

Secondly, currently in LTE, the UE behavior for DAI=1 only case is that PUCCH format 1a/1b is used for the corresponding HARQ-ACK transmission and it is not involved with channel coding procedure such as Reed Muller coding. However, with Option 1 using PUCCH format 3, different UE behavior is required to be implemented for the case of EN-DC, that is, PUCCH format 3 is used by applying channel coding even for 1-bit HARQ-ACK transmission. Consequently, for a same HARQ-ACK transmission situation, UE behavior would be inconsistent which requires additional UE implementations, according to whether the UE is configured with EN-DC or TDD CA.
Thirdly, regarding Option 2, it would not be involved with increase of complexity by using explicit PUCCH format 1a/1b since explicit PUCCH format 1a/1b is currently (and broadly) being configured to many (LTE) UEs for multiple purposes, such as HARQ-ACK PUCCH for SPS PDSCH, PUCCH for SR transmission, PUCCH resource corresponding to Scell not configured with cross-CC scheduling, and so on. Rather, it is expected that ARI handling would be more complicated and also UL resource efficiency would be degraded from NW perspective compared to legacy, if one of ARI PUCCH format 3 resource is reserved for the fallback case. 
Proposal #1: Explicit PUCCH format 1a/1b resource is configured for HARQ-ACK transmission corresponding to PDCCH with DAI = 1.
In summary, the followings are provided to technically compare two options, in terms of required impacts and consumed overhead. On top of the observations below, Option 1 would be involved with additional impacts on simultaneous transmission of HARQ-ACK and periodic CSI and/or SR on PUCCH in terms of which PUCCH format is used for the multiplexed UCI transmission (e.g., between PUCCH format 2a/2b and PUCCH format 3 for HARQ-ACK+CSI, between PUCCH format 1a/1b and PUCCH format 3 for HARQ-ACK+SR), while legacy LTE behavior (in terms of the used PUCCH format for UCI multiplexing) could be kept as much as possible in case with Option 2. 
· When UE only receives PDCCH with DAI=1,

· Legacy LTE
· HARQ-ACK on implicit PUCCH format 1a/1b resource

· Option 1

· HARQ-ACK on explicit PUCCH format 3 resource

· Impacts: 
1. Change of PUCCH format (1a/1b to 3)
2. Change of resource determination (implicit to explicit)
3. Use of channel coding (even for DAI=1 case)

· Overhead: 4~6 times larger than the legacy 

· Option 2
· HARQ-ACK on explicit PUCCH format 1a/1b resource

· Impacts: change of resource determination (implicit to explicit)

· Overhead: same as the legacy

· When UE only receives SPS PDSCH,

· Legacy LTE
· HARQ-ACK on a dedicated PUCCH format 1a/1b resource 

· Option 1 

· HARQ-ACK on explicit PUCCH format 3 resource

· Impacts: 
1. Change of PUCCH format (1a/1b to 3)
2. Use of channel coding (even for SRS only case)

· Overhead: 4~6 times larger than the legacy

· Option 2

· HARQ-ACK on a dedicated PUCCH format 1a/1b resource (same as the legacy)

· Impacts: no impact
· Overhead: same as the legacy

· When UE only receives PDCCH with DAI=1 and SPS PDSCH,

· Legacy LTE
· HARQ-ACK by channel selection with implicit PUCCH format 1a/1b for DAI=1 and dedicated PUCCH format 1a/1b for SPS

· Option 1 

· HARQ-ACK on explicit PUCCH format 3 resource

· Impacts: 
1. Change of PUCCH format (1a/1b to 3)
2. Change of resource determination (implicit to explicit)
3. Use of channel coding (even for this case)

· Overhead: 2~3 times larger than the legacy

· Option 2

· HARQ-ACK by channel selection with explicit PUCCH format 1a/1b for DAI=1 and dedicated PUCCH format 1a/1b for SPS

· Impacts: change of resource determination (implicit to explicit)

· Overhead: same as the legacy
3. Conclusion
In this contribution, we discussed on the remaining HARQ related issue for the SUO case with EN-DC, and the following is proposed.
Proposal #1: Explicit PUCCH format 1a/1b resource is configured for HARQ-ACK transmission corresponding to PDCCH with DAI = 1.
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