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1. Introduction
In RAN1 #75 meeting, regarding the HARQ/scheduling timing for LTE TDD-FDD carrier aggregation (CA), the group reached the following conclusions [1].
For TDD-FDD CA with self-scheduling,
· Email discussion until RAN1 #76 meeting about the detail of options 1) and 2c) of HARQ timing of PDSCH transmission on SCell with self-scheduling when PCell is TDD carrier and SCell is FDD carrier.
For TDD-FDD CA with cross-carrier scheduling,
· Email discussion until 24th January RAN1 #76 meeting for cross-carrier scheduling to try to achieve one solution for DL, UL, respectively, if there will be no consensus, no cross-carrier scheduling in Rel-12 for TDD-FDD CA.
· For DL cross-carrier scheduling: Alt. DL-A, Alt. DL-B.
· For UL cross-carrier scheduling,
· If the scheduling serving cell is FDD and the scheduled serving cell is TDD: Alt. UL-A1, Alt. UL-B1.
· If the scheduling serving cell is TDD and the scheduled serving cell is FDD: Alt. UL-A2, Alt. UL-B2, Alt. UL-C2.
In this contribution, based on understanding from ongoing email reflector discussions ([75-08] for self-scheduling and [75-09] for cross-carrier scheduling), we further discuss remaining issues on HARQ/scheduling timing for the above TDD-FDD CA scenarios.

2. Discussion
In TDD-FDD CA, the basic principles and features of the FDD and TDD CA in Rel-10/11 can be largely reused. Among others, the important Rel-10/11 features such as PUCCH transmission on PCell and PHICH transmission on the scheduling cell have already been agreed to be reused. Considering that the motivation for carrier-based ICIC in HetNet deployments is also valid for TDD-FDD CA scenarios, cross-carrier scheduling should also be supported in TDD-FDD CA. During the email discussion, concern was raised about coexistence of different scheduling timings for cross-scheduled and self-scheduled UEs in one carrier mainly for the uplink. But this issue already exists in Rel-11 inter-band TDD CA and does not seem like a significant problem. Even if it is a real problem, we think that not all the options for the uplink scheduling and HARQ timing currently being discussed contain the related issue.
Proposal 1: In TDD-FDD CA, cross-carrier scheduling should be supported for both DL and UL.
2.1. Self-scheduling for TDD-FDD CA
In this case, HARQ timing of the TDD SCell when the PCell is the FDD cell was agreed in the last meeting, and the opposite case, i.e., HARQ timing of the FDD SCell when the PCell is the TDD cell, remains to be solved. We have two options for this.
· Option 1): FDD SCell PDSCH timing depends on TDD PCell timing + additional new timing for remaining subframes of FDD SCell.
· Option 2c): The PDSCH HARQ timing of FDD SCell follows the DL reference TDD U/D configuration, where the reference TDD U/D configuration is one of the existing 7 U/D configurations. The DL reference TDD U/D configuration is configured by higher layers.
Basically Option 2c) has two limitations, i.e., lack of DL subframes and lack of UL subframes, as DL and UL subframes in reference UL/DL configurations are mutually exclusive. That is, for any reference UL/DL configuration, not a sufficient number of DL subframes can be available in the FDD SCell, or PDSCH HARQ feedback can be concentrated to certain UL subframe(s) of the TDD PCell, or both can happen. Also, in order to indicate the reference configuration, additional higher layer signaling should be introduced, incurring additional overhead.
Another concern with Option 2c) is TDD-eIMTA enabled cells. If the TDD PCell is an eIMTA enabled cell, its UL/DL configuration can be dynamically changed by L1 reconfiguration signaling. However, the reference configuration for the FDD SCell is indicated by RRC signaling, allowing only relatively slow changes. Hence it may happen that due to the FDD SCell’s reference configuration, reconfiguration to some of UL/DL configurations in the TDD PCell cannot be allowed. For example, let us assume that the TDD PCell is configured by UL/DL configuration 1 and DL reference UL/DL configuration for the FDD SCell is also set as UL/DL configuration 1. Now assume that DL traffic increases, and the eNB wants to reconfigure the TDD cell’s UL/DL configuration to DL heavier one. But without changing the FDD SCell’s reference configuration, reconfiguration to any of UL/DL configurations 2, 3, 4 and 5 would not be possible or not be safe. Even if the DL reference configuration is suitably reconfigured so that those PCell’s reconfigurations can be safely done, the PCell’s actual reconfiguration could not be so dynamic considering the period of ambiguity between the old and the new reference configuration due to the higher layer signaling. Thus, a rather realistic option for the case of an eIMTA cell as the PCell would be to fix the DL reference configuration of the FDD SCell as configuration 5, but this option was already ruled out in the last meeting due to its inflexibility.
In contrast, Option 1) benefits from its full utilization of both DL subframes of the FDD SCell and UL subframe(s) of the TDD PCell, so it can provide relatively good UE’s downlink peak rate and PUCCH performance. Also additional signaling for configuration doesn’t need to be introduced and thus HARQ timings are clear also with TDD-eIMTA enabled cells. Considering these aspects, our preference for the HARQ timing of the FDD SCell with self-scheduling is Option 1).
Proposal 2: For the case of PUCCH transmission on PCell only, when PCell is TDD carrier and SCell is FDD carrier, for PDSCH transmitted on SCell with self-scheduling, HARQ timing should follow Option 1).
During RAN1 email discussion, the proposals for detailed HARQ timings to support Option 1) for each TDD UL/DL configuration have been merged into Table 1. Still, there are a couple of sub-options for some UL/DL configurations depending on which design principle is prioritized.
· UL/DL configuration 0: There seems no reason to exclude subframes 3 and 8 from PUCCH transmission while suffering from more PUCCH concentration to other subframes. Thus, option 0A seems better than option 0B.
· UL/DL configuration 1: While option 1 provides lower HARQ-ACK feedback latency for PDSCH transmission at subframe 7, option 1* may give better HARQ-ACK load balancing when the feedback is for PCell and SCell simultaneously.
· UL/DL configuration 3/4: Option 3/4 provides lower feedback latency and does not allow “scheduling behind but feedback earlier” behavior.
Based on this observation, we think that options {0A,1,2,3,4,5,6} and {0A,1*,2,3,4,5,6} are good choices for HARQ timing of the FDD SCell among a couple of possible combinations in support of the principle of Option 1).
Proposal 3: PDSCH HARQ timing for Option 1) should follow {0A,1,2 3,4,5,6} or {0A,1*,2,3,4,5,6}.
[bookmark: _Ref378631463]Table 1. Alternatives for Option 1) for each TDD UL/DL configuration
	UL-DL Conf.
	Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0A
	-
	-
	6, [5]
	[5], [4]
	4
	-
	-
	6, [5]
	[5], [4]
	4

	0B
	
	
	6, [5], [4]
	
	[5], 4
	
	
	6, [5], [4]
	
	[5], 4

	1
	-
	-
	7, 6, [5]
	[5], 4
	-
	-
	-
	7, 6, [5]
	[5], 4
	-

	1*
	
	
	7, 6
	[6], [5], 4
	
	
	
	7, 6
	[6], [5], 4
	

	2
	-
	-
	8, 7, 6, [5], 4
	-
	-
	-
	-
	8, 7, 6, [5], 4
	-
	-

	3
	-
	-
	11, [10], [9], [8], 7, 6
	6, 5
	5, 4
	-
	-
	-
	-
	-

	3a
	-
	-
	11, [10], 7, 6
	[10], 6, 5
	[10], 5, 4
	
	
	
	
	

	4
	-
	-
	12, 11, [10], [9], 8, 7
	7, 6, 5, 4
	
	
	
	
	
	

	4a
	
	
	12, 11, [10], 8, 7
	[10], 7, 6, 5, 4
	
	
	
	
	
	

	5
	-
	-
	13, 12, 11, [10], 9, 8, 7, 6, 5, 4
	-
	-
	-
	-
	-
	-
	-

	6
	-
	-
	[8], 7
	7, [6]
	[6], 5
	-
	-
	7
	7, [6], [5]
	-

	6*
	-
	-
	7
	7, [6], [5]
	5
	-
	-
	7, [6], [5], [4]
	7
	-



2.2. Cross-carrier scheduling for TDD-FDD CA
DL cross-carrier scheduling
In TDD-FDD downlink CA with cross-carrier scheduling, we have two options, Alt. DL-A and Alt. DL-B. The main difference is that for a cross-carrier scheduled FDD serving cell when the PCell is TDD, Alt. DL-B reuses the HARQ timing for self-scheduling on FDD SCell when the PCell is TDD. The issue is when Option 2c) is agreed for the self-scheduling case. In that case, as discussed in [75-09], DL-B with Option 2c) may have scheduling errors when FDD SCell is scheduled by the TDD PCell if we don’t make additional restriction on configurable reference UL/DL configurations. Thus, if we are not willing to do some additional specification work, DL-A would be a better solution.
Proposal 4: For the case of PUCCH transmission on PCell only, when PCell is TDD carrier and SCell is FDD carrier, for PDSCH transmitted on SCell with cross-scheduling, HARQ timing should follow Alt. DL-A.
UL cross-carrier scheduling
When the scheduling serving cell is FDD and the scheduled serving cell is TDD, we have Alt. UL-A1 (scheduled cell timing) and Alt. UL-B1 (4ms+6ms timing). As discussed in [2], UL-B1 has advantages in terms of either HARQ latency (for UL/DL configuration 0/6) or PHICH overhead in one DL subframe (for UL/DL configuration 0). However, with UL-B1, there is an issue of coexistence of different scheduling timings in one carrier mentioned above. Considering pros. and cons. of each option, we are open to both UL-A1 and UL-B1.
When the scheduling serving cell is TDD and the scheduled serving cell is FDD, we still have the following four alternatives:
· Alt. UL-A2: a UL-reference UL/DL configuration with no new timing.
· Alt. UL-A2-1: TDD scheduling serving cell’s UL/DL configuration.
· Alt. UL-A2-2: Fixed reference UL/DL configuration 0.
· Alt. UL-A2-3: Configurable reference UL/DL configuration amongst a set of candidates.
· Alt. UL-B2: 10ms RTT. 4ms between UL grant/PHICH and PUSCH, 6ms between PUSCH and PHICH.
In this case, UL-B2 gives more usable UL subframes in the FDD SCell than UL-A2 for most TDD UL/DL configurations, while providing simple HARQ operation and some additional advantages similar to those of UL-B1. Also, if UL-B2 is applied to the scheduled FDD cell, the scheduling timings of cross-carrier scheduled UEs and self-scheduled UEs are identical (4ms gap between UL grant/PHICH and PUSCH for both) and we are free from the issue of difference scheduling timings in one carrier. Therefore, we believe that the uplink scheduling/HARQ timing of the FDD SCell cross-carrier scheduled by the TDD PCell should follow UL-B2.
Proposal 5: For UL cross-carrier scheduling, if the scheduling serving cell is TDD and the scheduled serving cell is FDD, scheduling/HARQ timing of the scheduled FDD cell should follow UL-B2.

3. Conclusions
In this contribution, we have discussed our views on remaining issues on HARQ/scheduling timing for TDD-FDD CA, and the followings are proposed.
Proposal 1: In TDD-FDD CA, cross-carrier scheduling should be supported for both DL and UL.
Proposal 2: For the case of PUCCH transmission on PCell only, when PCell is TDD carrier and SCell is FDD carrier, for PDSCH transmitted on SCell with self-scheduling, HARQ timing should follow Option 1).
Proposal 3: PDSCH HARQ timing for Option 1) should follow {0A,1,2 3,4,5,6} or {0A,1*,2,3,4,5,6}.
Proposal 4: For the case of PUCCH transmission on PCell only, when PCell is TDD carrier and SCell is FDD carrier, for PDSCH transmitted on SCell with cross-scheduling, HARQ timing should follow Alt. DL-A.
Proposal 5: For UL cross-carrier scheduling, if the scheduling serving cell is TDD and the scheduled serving cell is FDD, scheduling/HARQ timing of the scheduled FDD cell should follow UL-B2.
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