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1 Introduction

This document summarizes the email discussion [75-09] on cross-carrier scheduling for TDD-FDD CA. A first analysis of the alternatives showed that Alt-D is equivalent to {DL-B, UL-A1, UL-A2-1, and that Alt-E for uplink cross-carrier scheduling is equivalent to UL-A1. No support was expressed for Alt-E for downlink and for Alt-C2. Therefore, this document no longer considers these alternatives. The rest of the document summarizes the conclusions reached for the other alternatives, and the support expressed for the different alternatives by the companies who participated in the email discussion.
2 DL cross-carrier scheduling      
Alt DL-A: 

· For DL cross-carrier scheduling with PUCCH on PCell-only, the DL HARQ timing of the scheduled serving cell follows the PCell’s timing.
Alt DL-B: 

· For DL cross-carrier scheduling with PUCCH on PCell-only, the DL HARQ timing of the scheduled serving cell follows the PCell’s timing

· except for a cross-carrier scheduled FDD serving cell when the PCell is TDD
· Alt DL-B-option 1: reuse the HARQ timing defined by option 1 for self-carrier scheduling on FDD SCell with a TDD PCell. 
· Alt DL-B-option 2c-A1/B/B1/B2: reuse the HARQ timing defined by option 2c-A1/B/B1/B2 for self-carrier scheduling on FDD SCell with a TDD PCell [1]. 
For both Alt DL-A and Alt DL-B, if the PCell is TDD, the PCell’s timing is

· The DL HARQ timing determined according to the PCell’s UL/DL configuration, or 
· The DL HARQ reference timing of the PCell for eIMTA
Summary of the analysis of Alt DL-A and DL-B:
· DL-B only provides benefits over DL-A in case of aggregating at least 3 cells when PCell is TDD, since there is a working assumption of no cross-subframe scheduling for TDD-FDD CA in Rel-12.

· In this case, DL-B-option 1 allows scheduling more DL subframes than DL-B-option 2c when both the scheduling SCell and the scheduled SCell are FDD.
· DL-B with option 2c has scheduling restrictions (i.e. potential scheduling errors) depending on the configured DL-reference UL/DL configuration

· These scheduling restrictions may be explicitly avoided if option 2c-B/B1/B2 with a limited number of configurable DL-reference timings is agreed for self-carrier scheduling.

· DL-B requires some additional standard work to avoid potential PUCCH collisions in case of aggregating 2 cells (cross-carrier scheduling from the TDD PCell to the FDD SCell).
· Avoiding potential PUCCH collisions for DL-B may be simply solved by defining that the PUCCH resource is determined based on the bundling window of the PCell.

The support expressed by email for the alternatives is:

	DL-A
	Huawei, HiSilicon, ZTE, LG, Ericsson, Samsung, Sharp, NEC, ETRI, CATT, CMCC, Potevio, Qualcomm, ALU, ASB, Intel

Can also accept DL-A: Nokia, NSN

	DL-B
	Nokia, NSN, ITL, Orange, Docomo

Can also accept DL-B: Huawei, HiSilicon, LG, ETRI


A rapporteur proposal was made for DL cross-carrier scheduling.

Proposal for DL cross-carrier scheduling: agree on one of the WFs below

· WF1: agreement on DL-A

· WF2: working assumption on DL-B with option 1, but if option 1 is not agreed for self-carrier scheduling then DL-A is agreed for cross-carrier scheduling.

The support expressed for this proposal during the email discussion (and considering the explicit supported expressed in submitted contributions) is as follows:

	WF1
	Huawei, HiSilicon, LG, ALU, ASB

	WF2
	Huawei, HiSilicon, LG, Docomo, Qualcomm (R1-140450)


3 UL cross-carrier scheduling if the scheduling serving cell is FDD and the scheduled serving cell is TDD
If the scheduling serving cell is FDD and the scheduled serving cell is TDD, for UL cross-carrier scheduling where PHICH is transmitted on the scheduling serving cell, the scheduling/HARQ timing of TDD scheduled serving cell follows:
· Alt UL-A1: the TDD scheduled serving cell’s UL/DL configuration
· Alt UL-B1: 10ms RTT: 4ms between UL grant/PHICH and PUSCH, 6ms between PUSCH and PHICH
For Alt UL-A1, for eIMTA the TDD scheduled serving cell’s UL/DL configuration is the SIB1 UL/DL configuration signaled by tdd-Config-r1.  
Summary of the analysis of Alt UL-A1 and UL-B1:
Even though UL-B1 can reduce the RTT delay if the UL/DL configuration of the TDD scheduled serving cell is UL/DL configuration 0 or 6, it is possible that a cross-carrier scheduled UE and a self-carrier scheduled UE cannot be scheduled at the same time on the same serving cell unless the PUSCH processing time is shorten, as in the example in Fig. 1 where the TDD scheduled serving cell has UL/DL configuration 6. Even though there were already cases where the timing of the self-scheduled UEs and cross-scheduled UEs is not aligned in Rel-11, there was no case where a more stringent PUSCH processing time (shorter than the time from PUSCH to PHICH) was needed. 

For UL-A1, PHICH less operation is needed for some UL subframes if the UL/DL configuration of the scheduled TDD cell is configuration 0, because PHICH resources in one DL subframe on the FDD scheduling serving cell do not support PHICH for multiple UL subframes. For example, subframes with UL resource corresponding to 
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Figure 1. An example of potential impact on scheduling for UL-B1.
The support expressed by email for the alternatives is:

	UL-A1
	Huawei, HiSilicon, ZTE, Nokia, NSN, Ericsson, Sharp, NEC, ALU, ASB, CATT, CMCC, Potevio, Intel

Can also accept UL-A1: LG, ETRI, Docomo

	UL-B1
	LG, Samsung, ETRI, ITL, Qualcomm, Docomo


Based on the majority support for UL-A1 and the scheduling issue for UL-B1, a rapporteur proposal was made for UL-A1, which is completed here with the details for eIMTA and PHICH:
Proposed agreement for UL cross carrier scheduling if the scheduling serving cell is FDD and the scheduled serving cell is TDD:

· For UL cross-carrier scheduling where PHICH is transmitted on the scheduling serving cell, the scheduling/HARQ timing of TDD scheduled serving cell follows the TDD scheduled serving cell’s UL/DL configuration.
· For eIMTA the TDD scheduled serving cell’s UL/DL configuration is the UL/DL configuration signaled by RRC signaling. 

· PHICH-less operation is carried out for the UL subframes corresponding to IPHICH=1 on the scheduled TDD SCell if the UL/DL configuration of the scheduled TDD SCell is configuration 0.
4 UL cross-carrier scheduling if the scheduling serving cell is TDD and the scheduled serving cell is FDD
If the scheduling serving cell is TDD and the scheduled serving cell is FDD, for UL cross-carrier scheduling where PHICH is transmitted on the scheduling serving cell, the scheduling/HARQ timing of FDD scheduled serving cell follows:
· Alt UL-A2: a UL-reference UL/DL configuration with no new timing
· Candidate UL reference UL/DL configuration:
· 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
For Alt UL-A2-1, the TDD scheduling serving cell’s UL/DL configuration is

· The UL/DL configuration signaled in SIB1 if the TDD scheduling serving cell is PCell, or
· The UL/DL configuration signaled by RRC if the TDD scheduling serving cell is an SCell
Summary of the analysis of Alt UL-A2 and UL-B2:
The following issues were identified during the email discussion:

· How to handle scheduling restrictions for Alt UL-A2-3, similarly as the discussion on options 2c-B/B1/B2 for self-carrier scheduling and DL-A with option 2c.

· Concerns on the scheduling complexity for UL-A2, similarly as for UL-B1.

For Alt UL-A2-3, the set of candidate UL/DL configurations needs to be specified. During the email discussion, one of the open issues for UL-A2-3 is how to handle scheduling restrictions, similarly as the discussion on options 2c-B/B1/B2 for self-carrier scheduling. Two options as shown in Table 1 and Table 2 could be considered for Alt UL-A2-3. Table 1 is derived by applying Rel-11 inter-band TDD rules (thus similar as the method to derive option 2c-B for self-carrier scheduling), and guarantees that at least one UL subframe on the FDD SCell can be scheduled. Table 2 applies additional restrictions on the possible UL-reference timing that can be configured by TDD, in order to reduce test cases while maximizing the number of UL subframes that can be scheduled on the FDD scheduled serving cell.   
Table 1: Candidate UL/DL configurations of the UL-reference UL/DL configuration for an FDD schedule serving cell (UL-A2-3-1)
	UL/DL Configuration of TDD scheduling serving cell
	Candidate UL/DL Configurations of the UL-reference UL/DL configuration

	0
	3

	1
	3

	2
	2, 3, 4

	3
	2, 3

	4
	2, 3, 4

	5
	2, 3, 4, 5

	6
	3, 4


Table 2: Candidate UL/DL configurations of the UL-reference UL/DL configuration for an FDD schedule serving cell (UL-A2-3-2) 

	UL/DL Configuration of TDD scheduling serving cell
	Candidate UL/DL Configurations of the UL-reference UL/DL configuration

	0
	3

	1
	3

	2
	3

	3
	3

	4
	3 or 4

	5
	3

	6
	3


On the second point about scheduling complexity, for Alt UL-A2 it is possible that cross-carrier scheduled UEs and self-carrier scheduled UEs cannot be scheduled at the same time. The eNB scheduler needs to cross-carrier schedule PUSCH for a subframe before being able to determine retransmission of self-scheduled UEs for the same subframe, which would require to reduce the PUSCH processing time at the eNB. Examples with scheduling issues for UL-A2-1 and UL-A2-2 are shown in Fig. 2 and 3 below. UL-B2 avoids this problem.
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Figure 2. An example of potential impact on scheduling for UL-A2-1 and configuration 1.
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Figure 3. An example of potential impact on scheduling for UL-A2-2 and configuration 0.
Number of UL subframes and PHICH resources: The number of UL subframes that can be scheduled on the FDD scheduled serving cell for each alternative is shown in Table 3. UL-B2 provides the most number of UL subframes for most of the cases (the number of schedulable UL subframes in UL-B2 is identical to the numbers of DL subframes on TDD scheduling cell). The number of UL subframes with PHICH is shown in Table 3. All the alternatives need PHICH less operation except for UL-A2-1.  
If Alt UL-A2-3 is reduced according to Table 1 or Table 2, then potential scheduling restrictions are avoided as well as the problematic cases for jointly scheduling cross-carrier and self-carrier scheduled UEs since UL-reference UL/DL configurations 0/1/6 would be precluded, and the RTT is 10 ms as for UL-B2. However, this dramatically reduces the number of UL subframes that can be cross-carrier scheduled to a maximum of three.

Table 3: UL subframes with PHICH
	TDD UL/DL
Configuration of the scheduling serving cell
	(number of UL subframes for PUSCH on FDD SCell, number of UL subframes for PUSCH on FDD SCell with PHICH)

	
	UL-A2-1
	UL-A2-2
	UL-A2-3 (Table 2)
	UL-B2 (10 ms RTT)

	0
	(6, 6)
	(6, 6)
	(1, 1)
	(4, 4)

	1
	(4, 4)
	(6, 2)
	(2, 1)
	(6, 4)

	2
	(2, 2)
	(6, 0)
	(3, 1)
	(8, 2)

	3
	(3, 3)
	(6, 1)
	(3, 3)
	(7, 3)

	4
	(2, 2)
	(6, 0)
	(3, 2)
	(8, 2)

	5
	(1, 1)
	(6, 0)
	(3, 1)
	(9, 1)

	6
	(5, 5)
	(6, 4)
	(3, 2)
	(5, 5)


The support expressed by email for the alternatives is:

	UL-A2-1
	Sharp, ZTE, NEC, CATT, CMCC, Potevio, Docomo

	UL-A2-2
	CMCC, Potevio

	UL-A2-3
	CMCC, Potevio, Qualcomm

	UL-B2
	Nokia, NSN, Ericsson, Samsung, ETRI, ITL, Intel, ALU, ASB, LG, Huawei, HiSilicon
Docomo can also accept UL-B2 (R1-140618)


The email rapporteur would like to point out that there was very limited feedback in the email discussion due to the limited time after the clarifications about the scheduling complexity were given. Therefore, this list of expressed support may not reflect the actual companies preferences based on the latest analysis summarized in this section. If a recommendation needs to be made based on this analysis, the email rapporteur would recommend adopting Alt UL-B2 in order to avoid detrimental scheduling complexity and impact to eNB on shorter PUSCH processing time incurred by Alt UL-A2.
5 Conclusion

This contribution summarized the email discussion on cross-carrier scheduling for TDD-FDD CA. The email rapporteur would like to point out that a discussion on DCI formats to support cross-carrier scheduling will be needed, after such discussion on DCI for self-carrier scheduling is completed. The email rapporteur recommendations are summarized below.
Proposal for DL cross-carrier scheduling: agree on one of the WFs below

· WF1: agreement on DL-A

· WF2: working assumption on DL-B with option 1, but if option 1 is not agreed for self-carrier scheduling then DL-A is agreed for cross-carrier scheduling.

For both Alt DL-A and Alt DL-B, if the PCell is TDD, the PCell’s timing is

· The DL HARQ timing determined according to the PCell’s UL/DL configuration, or 
· The DL HARQ reference timing of the PCell for eIMTA
If DL-B with option 1 is agreed, define that the PUCCH resource is determined based on the bundling window of the PCell in order to avoid potential PUCCH resource collisions.
Proposed agreement for UL cross carrier scheduling if the scheduling serving cell is FDD and the scheduled serving cell is TDD:

· For UL cross-carrier scheduling where PHICH is transmitted on the scheduling serving cell, the scheduling/HARQ timing of TDD scheduled serving cell follows the TDD scheduled serving cell’s UL/DL configuration.
· For eIMTA the TDD scheduled serving cell’s UL/DL configuration is the SIB1 UL/DL configuration signaled by tdd-Config-r1. 

· PHICH-less operation is carried out for the UL subframes corresponding to IPHICH=1 on the scheduled TDD SCell if the UL/DL configuration of the scheduled TDD SCell is configuration 0.

Proposed agreement for UL cross carrier scheduling if the scheduling serving cell is TDD and the scheduled serving cell is FDD:

· For UL cross-carrier scheduling where PHICH is transmitted on the scheduling serving cell, the scheduling/HARQ timing of FDD scheduled serving cell follows:
· 10ms RTT: 4ms between UL grant/PHICH and PUSCH, 6ms between PUSCH and PHICH
References
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