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1. Introduction

At the RAN1 #75 meeting, the following agreement was reached for eIMTA HARQ.
· Agreement:
· For UEs configured with eIMTA and CA, up to 2 CCs with DL HARQ reference configuration #5 can be supported

In addition, several remaining issues are FFS, including PUCCH design:
· Supported PUCCH format(s) for eIMTA enabled UEs and for the supported PUCCH format(s), the corresponding design details. Potential PUCCH formats include:

· ACK/NAK bundling

· PUCCH format 1b with channel selection

· PUCCH format 3

· Whether or not to standardize solutions resolving PUCCH resource collision issues, and if so, detailed solutions

In this contribution, we discuss the supported PUCCH formats in eIMTA and resource allocation for each format.  In addition, we propose some possible enhancements for HARQ feedback on PUCCH. 
2. Supported PUCCH Formats for eIMTA HARQ
At the RAN1 #74bis meeting, it was agreed that the DL HARQ reference configuration can be selected from Rel-8 TDD UL-DL configurations {2, 4, 5}, so the DL HARQ timing for eIMTA is basically clear. However, there are still some remaining issues that need to be considered for eIMTA HARQ feedback of the DL subframes. The supported PUCCH format for ACK/NACK feedback is one of the most important things to be determined for eIMTA HARQ. In the following, the supported PUCCH formats are discussed and several potential enhancements are proposed.
2.1. HARQ bundling
HARQ bundling is performed by a logical AND operation per codeword across multiple DL subframes associated with a single UL subframe. The generated 1 or 2 bits for one configured cell are transmitted using PUCCH format 1a or 1b. HARQ bundling operation can minimize signaling overhead to transmit the HARQ feedback. Since configuration #5 may be frequently selected as the DL HARQ reference configuration, the HARQ feedback load in one UL subframe may be large. The HARQ bundling scheme is proper to support a large feedback workload with the lowest signaling overhead. In addition, HARQ-ACK repetition will only be applied in HARQ bundling, which can improve the reliability of HARQ transmission. Considering the specification impact, it is not necessary to introduce a restriction to disable the HARQ bundling operation in eIMTA scenario. Whether to configure HARQ bundling can be totally an eNB implementation issue. A Good trade-off between the DL performance and signaling overhead can be achieved based on proper implementation methodology of the eNB.  
Proposal 1: HARQ bundling should be supported for eIMTA HARQ.
2.2. PUCCH format 1b with channel selection
PUCCH format 1b with channel selection can support up to 4 bits HARQ feedback, which is sufficient for most of the time configurations except configuration #5. Furthermore, the signaling overhead of HARQ feedback in PUCCH format 1b with channel selection is only 2 bits, which is significantly less than that for PUCCH format 3. So considering the capacity and signaling overhead, PUCCH format 1b with channel selection should be supported.
Perhaps one concern that arises is the resource collision problem in PUCCH format 1a/1b. Currently we have several candidates to address this problem which was discussed in previous meetings, and the respective specification impacts seem acceptable. So PUCCH format 1b with channel selection should be supported in eIMTA.
In addition, several possible enhancements could be considered for PUCCH format 1b with channel selection in eIMTA. In Rel-10 LTE system, PUCCH format 1b with channel selection is performed based on the number of DL subframes corresponding to one UL subframe, i.e., DL association set of one UL subframe. We use M to denote the size of the DL association set in the following. For different values of M, we have different tables to map the ACK/NACK information to data detection results [1].  Due to the limited number of feedback bits, there exists some ambiguity between ACK/NACK information and the results of data detection in the mapping table. Table. 1 gives an example of such signaling ambiguity.  
For example, consider the case that the “actual M” equals to 3 while the “reference M” equals to 4. Actually the HARQ(2) mapping to a UL subframe and the PDSCH transmission result is “ACK, ACK, DTX, ACK”. Due to the same PUCCH resource and b (0) b (1), the eNB may understand the result as “ACK, ACK, DTX, NACK”, which may cause unnecessary retransmission. 

The signaling ambiguity may incur some unnecessary retransmissions and reduce the system performance. Furthermore, in the eIMTA scenario, configuration {#2, #4, #5} may be taken as the reference configuration. The “M” values in the three configurations are all equal or greater than 4, which include ambiguity in the mapping table.
Table 1. Example of Signaling Ambiguity (M = 4)
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In the eIMTA scenario, the DL HARQ timing will follow the HARQ reference configuration, which may be different from the actual DL/UL time configuration. So the reference M may also be different from the actual “M”. Furthermore, the reference M should be greater than the actual M since the DL subframe in the reference configuration should be a superset of the actual time configuration. To avoid signaling ambiguity in the HARQ feedback, we propose to map the ACK/NACK information according to the actual size of DL association set. By applying such scheme, the unnecessary signaling ambiguity can be avoided. Fig. 1 shows an example of the proposed enhancement.
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Fig. 1. Example of proposed enhancement
In Rel-10 LTE system, PUCCH format 1b with channel selection cannot be used in configuration #5. In [2], partial bundling scheme is proposed to enable the use of PUCCH format 1b with channel selection in configuration #5 since configuration #5 will be selected frequently as the reference configuration in eIMTA.  In the partial bundling scheme, the HARQ-ACK belonging to the same subframe set will be bundled per codeword across multiple subframes and generate 1 or 2 bits. The mapping of ACK/NACK information and HARQ-ACK feedback can follow the same procedure as that for M = 2. Fig. 2 shows an example of the partial bundling scheme. The partial bundling subframe set can be determined using at least one of the two following options. 
· Partial bundling subframe set based on static fixed/flexible subframe

Among all the seven DL/UL configurations, subframes {#0, #1, #5, #6} will always be configured as the DL subframe, which can be denoted as set
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. Subframes {#3, #4,#7, #8, #9} will be configured as the DL subframe in some of configurations, which can be denoted as a set
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 denotes the DL subframes which belong to the DL association set of DL HARQ reference configuration. In the partial bundling scheme, the subframe 
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, which belongs to set
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will be bundled together to generate 1 or 2 bits HARQ-ACK; the subframe 
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 will be bundled together to generate 1 or 2 bits HARQ-ACK.
· Partial bundling subframe set based on SIB 1 based fixed/flexible subframe

We denote a set 
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as the DL subframe set according to SIB 1 configuration. The set 
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 denotes the DL subframes which belong to the DL association set of the DL HARQ reference configuration. In the partial bundling scheme, subframe 
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, will be bundled together to generate 1 or 2 bits HARQ-ACK. The remaining subframes, which belong to set 
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 will be bundled together to generate 1 or 2 bits HARQ-ACK.
[image: image15.png]Reconfiguration boundary

Fixed subframe-ACK





Fig.2. Example of partial bundling
Proposal 2: PUCCH format 1b with channel selection should be supported for eIMTA HARQ.  The following enhancements should be considered.
· PUCCH format 1b with channel selection should be done according to the actual time configuration in instances other than the reference configuration.
· Partial bundling operation should be supported for PUCCH format 1b with channel selection, at least when the reference configuration is configuration #5.
2.3. PUCCH format 3
PUCCH format 3 has the highest HARQ feedback capacity among all the PUCCH formats, which is up to 20 bits. According to the current specification, only HARQ bundling and PUCCH format 3 can be used to send HARQ feedback in configuraiton #5. PUCCH format 3 is a good choice when the feedback workload is high. Because the feedback information is not required to be bundled to reduce the control signaling overhead in PUCCH format 3, it may benefit the DL throughput performance. So PUCCH format 3 should be supported in eIMTA HARQ.
One possible enhancement is the PUCCH format fall back issue, i.e., how PUCCH format 3 falls back to PUCCH format 1a/1b. In Rel-10, PUCCH format 3 can fall back to PUCCH format 1a/1b when only one PDSCH transmission is detected and the DL DAI value equals to 1. The DAI value exists in all configurations except configuration #0 since the field will be taken as UL index in configuration #0. However, in the eIMTA scenario, configuration #0 may often be set as the UL reference configuration. If so, PUCCH format 3 cannot fall back to PUCCH format 1a/1b and cause unnecessary signaling overhead. Solutions that avoid the presence of an unnecessary UL index, i.e., always use DAI or dynamic interpretation of UL index/DAI based on an actual configuration, will introduce restrictions on the UL scheduling and/or additional specification impact for enhancement.
Therefore, we propose ignoring the DAI value in PUCCH format fall back operation, at least when the UL reference configuration is configuration #0. The PUCCH signaling overhead can be adjusted dynamically based on the PDSCH transmission and the system efficiency can be improved. Fig. 3 shows an example of the proposed PUCCH format selection scheme.
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Fig. 3. Example of PUCCH format selection scheme

Proposal 3: PUCCH format 3 should be supported for eIMTA HARQ. The following enhancement should be considered.
· PUCCH format 3 can fall back to PUCCH format 1a/1b without considering the DAI value
3. PUCCH Resource Allocation
In addition to PUCCH format, PUCCH resource allocation is a key point in eIMTA HARQ. The major concern here is the resource collision between eIMTA UE and legacy UE of PUCCH format 1b/1b. The specification impact of PUCCH resource allocation in different PUCCH formats is discussed in the following.
3.1. PUCCH resource allocation for PUCCH format 1a/1b
In the current specification, PUCCH resources are allocated according to the TDD DL/UL configuration and the CCE index (used to indicate the PDSCH scheduling information). Since legacy UEs and eIMTA UEs may have a different understanding of the current TDD UL-DL configuration, PUCCH resource collisions between legacy UEs and eIMTA UEs may occur and should be addressed. Several candidates to address the PUCCH resource allocation are discussed in [3] and [4]. Typically, the solutions can be divided into two types, i.e., shared PUCCH resource allocation region and separate PUCCH resource allocation regions. 
For the shared PUCCH resource allocation scheme, one possible operation is a shared PUCCH resource allocation region for the common DL subframes, i.e., the subframe that is also a DL subframe in SIB 1 configuration. For the remaining subframes, the PUCCH resource allocation region could be next to the common subframes. Such enhancement may not incur a significant specification impact but the spectrum efficiency is relatively high. For the separate PUCCH resource allocation, one straightforward way can be to set different offsets for eIMTA UEs and legacy UEs when allocating PUCCH resources.  Considering the spectrum efficiency and specification impact, we have a slight preference toward the shared PUCCH resource allocation scheme. 
Observation 1: PUCCH resource allocation should be enhanced to avoid resource allocation between legacy UEs and eIMTA UEs.
3.2. PUCCH resource allocation for PUCCH format 3
The resource allocation for PUCCH format 3 is not related to the time configuration. So even if the time configuration can be changed dynamically, the resource allocation for PUCCH format 3 in the eIMTA scenario will not be influenced and will not cause collisions with legacy UEs. So resource allocation for PUCCH format 3 should align with current specification. 
Observation 2: PUCCH format 3 can be supported in eIMTA without specification impact. 
4. Summary
In this contribution, we discussed PUCCH format and PUCCH resource allocation for eIMTA HARQ. The observations and proposals are summarized as follows.
Observation 1: PUCCH resource allocation should be enhanced to avoid resource allocation between legacy UEs and eIMTA UEs.
Observation 2: PUCCH format 3 can be supported in eIMTA without specification impact.

Proposal 1: HARQ bundling should be supported in eIMTA HARQ
Proposal 2: PUCCH format 1b with channel selection should be supported for eIMTA HARQ.  The following enhancements should be considered.

· PUCCH format 1b with channel selection should be done according to the actual time configuration in instances other than the reference configuration.
· Partial bundling operation should be supported for PUCCH format 1b with channel selection at least when reference configuration is configuration #5.
Proposal 3: PUCCH format 3 should be supported for eIMTA HARQ. The following enhancement should be considered.

· PUCCH format 3 can fall back to PUCCH format 1a/1b without considering the DAI value.
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