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1 Introduction
In the RAN #58 meeting, the new WI of further enhancements to LTE TDD for DL-UL interference management and traffic adaptation (IMTA) [1] was approved. In this WI, the HARQ/scheduling issue is still one of the key issues listed in [1]. In our previous contribution [2], we addressed the HARQ/scheduling challenges when the TDD configuration changes due to the traffic adaptation, and proposed some solutions. In this contribution, based on the achieved conclusions in Rel-11 for TDD CC-specific CA, we first discuss some other solutions for the HARQ/scheduling timing issue for eIMTA. In addition, with the proposed DL HARQ timing solutions, the issues of A/N on PUCCH is also addressed. Finally, we discuss the issues of the unmatched number of HARQ processes in TDD eIMTA. 
2 Discussion
2.1 PDSCH HARQ timing

For the PDSCH HARQ timing in case the TDD configuration is changed in TDD eIMTA, we propose to reuse the same reference TDD configurations for the last frame before reconfigurations as that defined for PDSCH HARQ for CC-specific TDD CA in case of self-scheduling, as shown in Table 10.2-1 in [3], where the PCC configuration is understood as the new configuration after the reconfiguration and the SCC configuration is understood as the previous unchanged configuration. That is, the DL reference configuration is selected by the TDD configuration in which the set of the DL subframes is the minimum union of the sets of the DL subframes of the previous unchanged configuration and the later reconfiguration, as shown in Table I. An additional enhancement could be to only apply the reference configuration to the DL subframes in the previous frame whose HARQ procedures run across two different TDD UL/DL configurations. The merit of this enhancement lies in that it could shorten the HARQ delay of the subframes whose HARQ is scheduled within one frame. 
Table I　Reference UL/DL configuration for PDSCH HARQ
	PDSCH timing reference configuration
	Reconfigurations (PCC in CC-specific TDD CA

	
	0
	1
	2
	3
	4
	5
	6

	Previous configuration  (SCC in CC-specific TDD CA 
	0
	-
	1
	2
	3
	4
	5
	6

	
	1
	1
	-
	2
	4
	4
	5
	1

	
	2
	2
	2
	-
	5
	5
	5
	2

	
	3
	3
	4
	5
	-
	4
	5
	3

	
	4
	4
	4
	5
	4
	-
	5
	4

	
	5
	5
	5
	5
	5
	5
	-
	5

	
	6
	6
	1
	2
	3
	4
	5
	-


2.2 PHICH timing
In order to guarantee that the HARQ resource of all UL subframes in the previous frame is available, the UL reference configuration is selected by the TDD configuration in which the set of the UL subframes is the minimum union of the sets of the UL subframes of the previously unchanged configuration and the later reconfiguration, as shown in Table II. For the case when there is no PHICH, we propose to reuse the solution for TDD CA, as presented in Section 8.3 of [3]. 
Table II　Reference UL/DL configuration for PUSCH HARQ
	PUSCH timing reference configuration
	Reconfigurations

	
	0
	1
	2
	3
	4
	5
	6

	Previous  configurations
	0
	-
	0
	0
	0
	0
	0
	0

	
	1
	0
	-
	1
	6
	1
	1
	6

	
	2
	0
	1
	-
	6
	1
	2
	6

	
	3
	0
	6
	6
	-
	3
	3
	6

	
	4
	0
	1
	1
	3
	-
	4
	6

	
	5
	0
	1
	2
	3
	4
	-
	6

	
	6
	0
	6
	6
	6
	6
	6
	-


2.3 PUSCH scheduling timing 
For the UL grants for scheduling of the UL subframes in the reconfigured frame, we proposed the following two alternative solutions:
Alt 1: Follow the timing of the reconfigured TDD configuration and give up the UL subframes with incorrect UL grant/without UL grant. 

Alt 2: Follow the UL reference configurations for PUSCH HARQ timing, namely Table II. As an additional enhancement, it could be considered to only apply it to the UL subframes in the reconfigured frame whose UL grants are transmitted across the previous and the reconfigured configurations, and UL subframes whose UL grants are within the same reconfigured frame would follow their own PUSCH scheduling timing of the reconfigured TDD configuration. 

Comparing these two alternatives, Alt1 is simpler for implementation but may waste the first several UL subframes due to no correct UL grants. Alt2 keeps consistency with the UL HARQ timing and saves the UL subframes which may need to be scheduled by the DL subframes in the previous frame before the reconfiguration, while Alt2 is more complicated for implementation than Alt1.
2.4 PUCCH issues for A/N of PDSCH

With reference to PDSCH HARQ feedback, for a UE configured with PUCCH format 1a/1b/1b with channel selection (CS) or PUCCH format 3 for HARQ transmission, the bundling size (M) immediately after the reconfigurations may not indicate the actual number of transmitted DL subframes, resulting in possible A/N error and A/N resource wastage. 

With a reference configuration, and assuming that the DL HARQ follows the HARQ timing of the reference configuration as given in Table I, further specifications on UE procedures for A/N on PUCCH may be needed and should be considered, as previously discussed for CC-specific TDD CA. For example, the DL subframe set, denoted as ‘K’, associated with an UL subframe n carried the HARQ-ACK of the frames with a different configuration shall include the consistent DL subframes on the boundary frames within the A/N bundling window of the UL subframe n according to the TDD reference configuration. Thus, the bundling size ‘M’ should equal the number of elements in ‘K’, instead of the value M.
2.5 Unmatched HPN issues 
Since there are different numbers of the DL and UL subframes in different TDD UL/DL configurations, the maximum number of UL/DL HARQ processes is different from different TDD configurations as shown in  Table 7-1 and Table 8-1 in [3] for DL and UL, respectively. When the TDD configuration is changed from one TDD configuration to another TDD configuration due to the traffic variation, the maximum number of HARQ processes may be changed. The UEs’ procedures for handling the HARQ buffer and retransmissions should be carefully considered, particularly when the number of HARQ processes in the frame before the reconfiguration is larger than that of the reconfigured configuration. In this section, we discuss the solutions for the following cases: 
Case I: for both UL and DL in case the maximum number of HARQ processes of the previous configuration 
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 is smaller than or equal to that of the new configuration (
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). We consider two alternatives:

· Alt1:
· For DL, at the receiving side, UE will release the HARQ buffer of the correctly decoded HARQ process 
[image: image3.wmf]i

, and keep the data of the HARQ processes with incorrect decoding for combining with the later retransmitted data. 
· For UL, for the HARQ processes with ACK received at UE, UE will release the HARQ buffer via 1) directly release the corresponding HARQ buffer, or 2) release it till a UL-grant for new data with the same HARQ process ID is received. Moreover, UE will keep the data of the HARQ processes with NACK received for later L1 retransmission. 
· Alt 2: Drop all data in HARQ buffer of the UE directly and wait for a new grant/retransmission, but this alternative may cause resource wastage.
Overall, Alt 1 seems more efficient and we therefore believe it to be preferable. 

Case II: For PDSCH in case the number of HARQ processes of the previous configuration is larger than that of the reconfiguration. 
· Alt1: For the HARQ processes 
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 in the previous frame, where 
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, follow the same procedures as in Case I. While for the HARQ processes 
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 in the previous frame, where 
[image: image7.wmf]iHPN_DL_reconf

>


· Option 1: Drop the data in HARQ buffer of the UE directly and wait for a new initial grant.
· Option 2: At the receiving side, UE will release the correctly decoded HARQ buffer of the corresponding HARQ process 
[image: image8.wmf]i

, and drop the data of the HARQ processes incorrectly decoded. 
· Alt2: Another option is to keep the data in the HARQ buffer for the HARQ 
[image: image9.wmf]i

with incorrectly decoded at UE, so as to perform L1 retransmission based on new mapping of the retransmission data to the HARQ process ID within 
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. 
Comparing the two Alternatives, Alt 1 is simpler for implementation but with more data loss. On the other hand, Alt2 tries to keep the performance of all transmitted UL subframes in the previous unchanged frame, but the main challenge lies in the modification of the L1 retransmission procedures. We therefore recommend Alt1 for this case. 

Case III: for PUSCH in case the number of HARQ processes for the previous configuration is larger than that of the reconfiguration, the basic processing is similar to Case II. One possible enhancement could be to release the HARQ buffer release when ACK is received by UE, instead of waiting for a new UL grant with the same HARQ process ID to be received as in the current system.  This enhancement would have the benefit of acknowledging the data quickly for HARQ processes with ID is larger than 
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when the TDD configuration changes. 
In addition, in case TTI-bundling is applied for PUSCH in the previous unchanged configuration, we simply propose to either drop all data at the UE’s HARQ buffer or drop the data with NACK received, and wait for higher layer retransmission for the dropped/NACKed data. For the spatial cases that the pair of the TDD previous configuration and the reconfiguration is (0,1), (0,2), (0,3), (0,4), (0,5) and (0,6), two HARQ processes on the UL subframe #2 and #3 (or #8 and #9) of the frame with Configuration 0 will be fed back on the DL subframe #0 (or #5) of the reconfigured frame with Configuration 1-6. If both the HARQ processes need to be retransmitted, we propose to simply drop one HARQ process, and wait for higher layer retransmission of the dropped one.
3 Summary
In this contribution, we have discussed the HARQ/Scheduling timing and unmatched HARQ process number issues that arise when an UL-DL reconfiguration occurs in TDD eIMTA. Based on the above discussions, we have the following observations and proposals:
Observation 1:
Mis-match of HARQ process number has been found to result in performance loss and hence mitigation techniques shall be needed. 
Observation 2:
The handling of the bundling size (M) for A/N on PUCCH has been found to result in A/N error/resource wastage and hence further studies are needed. 
Proposal 1:
For the PDSCH HARQ timing of the previous frame before reconfigurations, we propose to reuse the reference TDD configurations as that defined for PDSCH HARQ for CC-specific TDD CA in case of self-scheduling. An additional enhancement could be to only apply the reference configuration to the DL subframes in the previous frame whose HARQ procedures run across two different TDD UL/DL configurations.
Proposal 2:
For the PUSCH HARQ timing of the previous frame before reconfigurations, we propose to select the UL reference configuration as the TDD configuration in which the set of the UL subframes is the minimum union of the sets of the UL subframes of the previously unchanged configuration and the later reconfiguration.
Proposal 3:
For the PUSCH scheduling timing of the first reconfigured frame, we propose to either follow the new TDD configuration or follow the UL reference configuration for PUSCH HARQ.  As an additional enhancement, it could be considered to only apply it to the UL subframes in the reconfigured frame whose UL grants are transmitted across the previous and the reconfigured configurations.
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