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1 Introduction
LTE-NR co-existence supports UL sharing scenario, where collocated LTE and NR base stations shars UL resources. In the RAN1 #90 and 90bis meetings, the following was agreed regarding HARQ-ACK timing for LTE FDD CCs with EN-DC [1]: 
	Agreements:

· When the UE is configured with multiple UL carriers on different frequencies (where there is at least one LTE carrier and at least one NR carrier of a different carrier frequency), but the UE operates on only one of the carriers at a given time among a pair of LTE and NR carriers

· For LTE carrier, UE can be configured with 

· Case 1: DL-reference UL/DL configuration defined for LTE-FDD-SCell in LTE-TDD-FDD CA with LTE-TDD-PCell 

· For scheduling/HARQ timing of LTE FDD carrier, DL-reference UL/DL configuration defined for LTE-FDD-SCell in LTE-TDD-FDD CA with LTE-TDD-PCell is applied

· UE is allowed to transmit NR UL signals at least in the subframe(s) where LTE UL transmission is not allowed according to the DL-reference UL/DL configuration

· FFS whether or not a UE-specific subframe offset for the DL-reference UL/DL configuration can be configured considering system resource utilization and potential spec impact

· Case 2: Release 15 LTE-FDD HARQ timing

· No impact on LTE RAN1 specifications

· Note: it doesn’t necessarily imply that UE has to support both cases

Agreements:
· In Case 1, LTE TDD UL HARQ timing is supported and the UE is allowed to transmit only in the subframes designated as UL in the reference TDD configuration. Additionally, a UE-specific HARQ subframe offset can be configured.

· The offset (HARQ_offset) is in the range [0…9]

· The offset doesn’t change any subframe or slot number

· If, before applying the offset, the HARQ feedback for DL SF number m was mapped to UL SF number n, then after the offset, the HARQ feedback for DL SF number (m + HARQ_offset) is mapped to UL SF number (n + HARQ_offset)

· If, before applying the offset, the PUSCH in SF number m was scheduled (by UL grant or PHICH) in SF number n, then after the offset, the PUSCH in SF number (m + HARQ_offset) is scheduled (by UL grant or PHICH) in SF number (n + HARQ_offset)

· If, before applying the offset, the HARQ-ACK (if carried on PHICH) corresponding to PUSCH in SF number m was transmitted in SF number n, then after the offset, the HARQ-ACK (if carried on PHICH) corresponding to PUSCH in SF number (m + HARQ_offset) is transmitted in SF number (n + HARQ_offset)

· SRS and PRACH transmission may only occur in subframes indicated as UL in the reference TDD configuration but shifted by the configured non-zero HARQ_offset




In this contribution, we address the remaining questions with respect to the HARQ-ACK feedback for NR-LTE DC with single tx operation by Case 1 and provide our views.  
2. Discussion
One remaining issue that has been identified for further study in [2] is the PUCCH format configuration for the HARQ-ACK bits of LTE CCs in EN-DC with single tx operation by Case 1. The related details of HARQ-ACK feedback were extensively discussed during RAN1 Meeting AH 1801. 
There are two PUCCH format configuraitons to support Case 1:

· Option 1) PUCCH format 1b with channel selection

· Option 2) PUCCH format 3/4/5

Using PUCCH format 1b with channel selection is limited up to 2 DL CC CA and DL-reference UL/DL configuration #0/1/6. For other configurations, it is essential to use PUCCH format 3/4/5 which is a universial solution to cover all configuration scenarios. Therefore, using PUCCH format 1b with channel selection is considered as an optimization with a claim to be able to use PUCCH format 1a/1b resources. 

Observation 1: Using PUCCH format 1b with channel selection can be supported in the limited scenarios only (2 DL CC CA, DL-reference UL/DL configuration #0/1/6 only) whereas using PUCCH format 3/4/5 is a universial solution.

In [3], it was claimed that using PUCCH format 1b with channel selection can bring the benefit of using existing PUCCH format 1a/1b resources to save PUCCH resource overhead. There are two key elements, which we would like to discuss, from the proposals.
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  is the new PUCCH format 1b resource offset and is configured by higher layer  


· TDD PUCCH resource dimensioning on LTE carrier

· Introducing new PUCCH resource offset 
[image: image2.wmf](1)

DC

PUCCH

N

 to replace 
[image: image3.wmf](1)

PUCCH

N


LTE TDD PUCCH resource is dimensioned by stacking PUCCH resources of each subframe within a bundling window whereas FDD PUCCH resource does not. To avoid the collision due to implicit PUCCH resource determination based on the CCE index of PDCCH, it is necessary to separately partition the ‘new’ EN-DC PUCCH resource region in addition to the existing FDD PUCCH resource region. On top of that, the PUCCH resources for format 3/4/5 needs to be dimensioned to support the scenarios that PUCCH format 1b with channel selection cannot support. Therefore, using PUCCH format 1b with channel selection cannot actually save PUCCH resource overhead, but rather it effectively increases overall PUCCH resource.
Observation 2: Using PUCCH format 1b with channel selection on FDD carrier in EN-DC by Case 1 single tx operation rather increases PUCCH resource overhead.

In addition, the newly proposed offset 
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 is not needed, even if we consider this proposal, since from Rel-11 the PUCCH resource offset 
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 is already UE specific to achieve the same goal.

Observation 3: Even assuming PUCCH format 1b with chanel selection is supported on FDD carrier in EN-DC by Case 1 single tx operation, the new PUCCH format offset is not needed.

PUCCH format 1b with channel selection supports less number of ACK/NACK payload (i.e. up to 4 bits) by conducting ACK/NACK bits compression. As a consequence, from DL performance perspective, it suffers DL performance loss, where the amount of performance loss depends on the channel/interference conditions as well as the actual ACK/NACK compression schemes, taking the numer of CCs into account (i.e. single or two CCs cases), the presence of SR transmission and whether there is the concurrent transmission of CSI and HARQ-ACK bits, etc.. 

Observation 4: Using PUCCH format 1b with channel selection could degrade DL performance.

In using PUCCH format 3/4/5, there are the following scenarios to use PUCCH format 1a/1b resources (a.k.a. fall-back):

· Scenario 1: When UE receives a single PDSCH with DAI=1 on PCell => to use PUCCH format 1a/1b

· Scenario 2: When UE receives SPS PDSCH only on PCell => to use PUCCH format 1a/1b

· Scenario 3: When UE receives one PDSCH with DAI=1 and SPS PDSCH on PCell only => to use PUCCH format 1b with channel selection

In PUCCH format 3/4/5, TPC field in DL assignment is used as ARI (A/N Resource Indicator) to select one out of four configured  PUCCH resources other than the case of DAI=1, of which TPC is the real TPC field. Therefore, for the above three scenarios, UE is not able to determine PUCCH resources for format 3/4/5 due to lack of ARI field.

For Scenario 1, in order to avoid PUCCH resource collision between this fall-back and existing FDD users, the network needs to take care of lowest CCE index (to determine PUCCH resource) without introducing PUCCH resource collision with legacy UEs.

For Scenario 2, the PUCCH resource for SPS PDSCH is based on explicit resource allocation (i.e. not based on CCE index). Thus, there is no issue at all for fall-back operation.
For Scenario 3, the similar issue can be arisen to Scenario 1. Resource collision with FDD users, which also needs to be handled by network scheduling. However, this scenario needs to implement PUCCH format 1b with channel selection, which obviously increase implementation as well as testing complexity at both gNB and UE and effort required to support this functionality.

Therefore, other than Scenario 3, in using PUCCH format 3/4/5, fall-back to PUCCH format 1a/1b is still possible by network implementation to avoid PUCCH resource collision.

Observation 5: Using PUCCH format 3/4/5 can still support fall-back to use PUCCH format 1a/1b resources by network implementation, other than Scenario 3.

Having said that, we see the following two options to use PUCCH format 3/4/5 in EN-DC with single tx operation by Case 1 and prefer to adopt option 2 for EN-DC case 1 as discussed above. By default, one explicit PUCCH resource is configured for PUCCH format 3/4/5.
· Option 1: Fall-back to PUCCH format 1a/1b is supported for the following cases 
· 1) When UE receives a single PDSCH with DAI=1 on PCell only

· 2) When UE receives SPS PDSCH only on PCell only

· Option 2: Fall-back to PUCCH format 1a/1b is not supported.

Proposal: Support PUCCH format 3/4/5 in EN-DC for single tx operation by Case 1 with the following conditions:

· One explicit PUCCH resource for format 3/4/5 is configured for a UE.

· Select one of the following two options:

· Option 1: Fall-back to PUCCH format 1a/1b is supported for the following cases 

· 1) When UE receives a single PDSCH with DAI=1 on PCell only

· 2) When UE receives SPS PDSCH only on PCell only

· Option 2: Fall-back to PUCCH format 1a/1b is not supported.

3. Conclusions
In this document we discussed the solutions of HARQ-ACK feedback for LTE FDD CCs in case of NR-LTE co-existence. Based on the discussions we have several observation and correspondingly propose the following:  
Observation 1: Using PUCCH format 1b with channel selection can be supported in the limited scenarios only (2 DL CC CA, DL-reference UL/DL configuration #0/1/6 only) whereas using PUCCH format 3/4/5 is a universial solution.

Observation 2: Using PUCCH format 1b with channel selection on FDD carrier in EN-DC by Case 1 single tx operation rather increases PUCCH resource overhead.

Observation 3: Even assuming PUCCH format 1b with chanel selection is supported on FDD carrier in EN-DC by Case 1 single tx operation, the new PUCCH format offset is not needed.
Observation 4: Using PUCCH format 1b with channel selection could degrade DL performance.
Observation 5: Using PUCCH format 3/4/5 can still support fall-back to use PUCCH format 1a/1b resources by network implementation, other than Scenario 3.

Proposal: Support PUCCH format 3/4/5 in EN-DC for single tx operation by Case 1 with the following conditions:

· One explicit PUCCH resource for format 3/4/5 is configured for a UE.

· Select one of the following two options:

· Option 1: Fall-back to PUCCH format 1a/1b is supported for the following cases 

· 1) When UE receives a single PDSCH with DAI=1 on PCell only

· 2) When UE receives SPS PDSCH only on PCell only

· Option 2: Fall-back to PUCCH format 1a/1b is not supported.
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