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1. Introduction

In RAN#63, only the following has been agreed as an open issue in RAN1 perspective to complete TDD-FDD CA feature in Rel-12 [1][2].

	TDD Pcell DL HARQ timing for TDD-FDD carrier aggregation with self-carrier scheduling on FDD Scell


On the other hand, we still see some small points to be discussed and decided to complete the RAN1 specifications for TDD-FDD CA. In general, we think some of those points can be handled in the course of CR works necessary to introduce Rel-12 features. However, it would be better sharing the whole points and possibly having discussion in advance for efficient CR works. Therefore, in this contribution, we share the potential issues which require some discussion and decisoin for detailed TDD-FDD specification works and make some suggestions.
2. Remaining RAN1 specification details
2.1. Confirmation of working assumption on DCI fields
During the RAN1#76 [3] and the following-up RAN1 email discussion [4], option B for DCI fields regarding UL index, UL DAI, DL DAI, SRS request and HARQ process numbers for TDD-FDD CA was agreed as working assumption as in table below, where the bit width of each field follows actual necessity. If there is no further issue found regarding the working assumption, we suggest confirming the working assumption as agreement.
Suggestion 1: Confirm the working assumption in table 1 regarding bit width of DCI fields for TDD-FDD CA

Table 1 Bit width of DCI fields for TDD-FDD CA
	Pcell 
	Scheduling
cell
	Scheduled
cell
	UL DCI
	DL DCI

	
	
	
	UL index
	UL DAI
	DL DAI
	SRS request
In f 2B/2C/2D
	HARQ process number

	Self-carrier scheduling
	
	
	
	
	

	FDD
	self
	TDD
	2 (Config0)
0 (otherwise)
	0 
	0 
	[1]
	3

	FDD
	self
	FDD
	 0
	0
	0 
	0 
	3 

	TDD
	self
	TDD
	 2 (Config0)
0 (otherwise)
	 0 (Config0)
2 (otherwise) 
	 2
	 [1]
	 4

	TDD
	self
	FDD
	 0
	2
	2
	 0
	4

	Cross-carrier scheduling
	
	
	
	
	

	FDD
	TDD/FDD
	TDD
	2 (Config0)
0 (otherwise)
	0
	0 
	[1]
	3

	FDD
	TDD/FDD
	FDD
	0
	0
	0 
	0 
	3

	TDD
	TDD/FDD
	TDD
	2 (Config0)
0 (otherwise)
	0 (Config0)
2 (otherwise) 
	2
	[1]
	4

	TDD
	TDD/FDD
	FDD
	0
	2
	2
	 0
	4


Notes)
· Grey colour indicates already existing spec.
· [] means existence is configurable by RRC (following Rel-11 rule)
2.2. Number of DL HARQ processes
In section 7 of TS 36.213 [5], number of DL HARQ processes of a cell is defined for TDD, FDD and inter-band TDD CA cases as follows, which is actually used as MDL_HARQ in TS 36.212 [6] in performing PDSCH rate matching. Therefore, number of DL HARQ processed in case of TDD-FDD CA should be also defined for correct rate matching of PDSCH.
	For FDD, there shall be a maximum of 8 downlink HARQ processes per serving cell.

For TDD, if a UE is configured with one serving cell, or if the UE is configured with more than one serving cell and the TDD UL/DL configuration of all the configured serving cells is the same, the maximum number of downlink HARQ processes per serving cell shall be determined by the UL/DL configuration (Table 4.2-2 of [3]), as indicated in Table 7-1. 

For TDD, if a UE is configured with more than one serving cell and if the TDD UL/DL configuration of at least two configured serving cells is not the same, the maximum number of downlink HARQ processes for a serving cell shall be determined as indicated in Table 7-1, wherein the "TDD UL/DL configuration" in Table 7-1 refers to the DL-reference UL/DL configuration for the serving cell (as defined in subclause 10.2).
The dedicated broadcast HARQ process defined in [8] is not counted as part of the maximum number of HARQ processes for both FDD and TDD.

Table 7-1: Maximum number of DL HARQ processes for TDD

TDD UL/DL configuration

Maximum number of HARQ processes

0

4

1

7

2

10

3

9

4

12

5

15

6

6




· Number of DL HARQ processes for TDD SCell in case of FDD PCell

Based on the agreement that DL HARQ timing for TDD SCell in case of FDD PCell follows FDD PCell in both self- and cross-carrier scheduling, required maximum number of DL HARQ processes can be defined as the number of DL HARQ processes for each SCell U/D configuration. On the other hand, number of HARQ processed may be set to 8 following the FDD case for simplicity.
Suggestion 2: Decide between two alternatives for the number of DL HARQ processes for TDD SCell in case of FDD PCell
Alt.1) required maximum number of DL HARQ processes is defined as the number of DL HARQ processes for each SCell U/D configuration
Alt.2) number of DL HARQ processes is set to 8 regardless of the U/D configuration of the TDD SCell
· Number of DL HARQ processes for FDD SCell in case of TDD PCell

If TDD PCell and FDD SCell case is supported in Rel-12, for self-scheduling, number of DL HARQ processes for FDD SCell should follow the decided DL HARQ timing for FDD SCell for self-scheduling case. For cross-carrier scheduling, number of DL HARQ processed for FDD SCell can follow the U/D configuration of TDD PCell since it has been already agreed that DL HARQ timing for FDD SCell should follow TDD PCell timing in case of cross-carrier scheduling.
Suggestion 3: For self-scheduling, the number of DL HARQ processed for FDD SCell in case of TDD PCell (if supported) is defined as the required maximum number of DL HARQ processes for the decided DL HARQ timing for FDD SCell. For cross-carrier scheduling, the number of DL HARQ processed for FDD SCell in case of TDD PCell follows the U/D configuration of TDD PCell.

2.3. Number of UL HARQ processes

In section 8 and 8.0 of TS 36.213 [5], number of UL HARQ processes of a cell is defined for TDD and FDD cases as follows. However, number of UL HARQ processes was not defined for the case of inter-band TDD CA in Rel-11. It seems that the number of UL HARQ processes doesn’t affect the actual UE behaviour in any of the LTE specifications. Therefore, it is FFS if the number of UL HARQ processes should be defined for TDD-FDD CA in Rel-12 specifications.
Suggestion 4: it is FFS if the number of UL HARQ processed should be defined for TDD-FDD CA in Rel-12 specifications
	For FDD and transmission mode 1, there shall be 8 uplink HARQ processes per serving cell for non-subframe bundling operation, i.e. normal HARQ operation, and 4 uplink HARQ processes for subframe bundling operation. For FDD and transmission mode 2, there shall be 16 uplink HARQ processes per serving cell for non-subframe bundling operation and there are two HARQ processes associated with a given subframe as described in [8]. The subframe bundling operation is configured by the parameter ttiBundling provided by higher layers.
< Omitted >
For TDD and transmission mode 1, the number of HARQ processes per serving cell shall be determined by the DL/UL configuration (Table 4.2-2 of [3]), as indicated in Table 8-1. For TDD and transmission mode 2, the number of HARQ processes per serving cell for non-subframe bundling operation shall be twice the number determined by the DL/UL configuration (Table 4.2-2 of [3]) as indicated in Table 8-1 and there are two HARQ processes associated with a given subframe as described in [8].
Table 8-1: Number of synchronous UL HARQ processes for TDD

TDD UL/DL configuration

Number of HARQ processes
 for normal HARQ operation

Number of HARQ processes 
for subframe bundling operation

0

7

3

1

4

2

2

2

N/A

3

3

N/A

4

2

N/A

5

1

N/A

6

6

3




2.4. Operation with eIMTA

In Rel-12, eIMTA for both single TDD cell and TDD-TDD CA cases are under specification work. When a TDD cell is configured with eIMTA operation, DL-HARQ reference configuration configured for eIMTA operation should be used in deriving UE’s DL HARQ timing. Using the same principle and the agreements on DL/UL HARQ timing for TDD-FDD CA operation so far, it is straight forward to define the DL HARQ timing of a SCell for the TDD-FDD CA case with eIMTA operation. 

It should be noted that the following was already agreed (in a different wording) in RAN1#76 [3].

· When TDD PCell (if supported) is configured with DL-HARQ reference configuration for eIMTA, DL HARQ timing of FDD SCell with cross-carrier scheduling follows TDD PCell’s DL-HARQ reference timing
In addition to the above, we suggest agreeing on the followings, where it is up to specification editing if and how those agreements will impact the specifications.

Suggestion 5: DL/UL HARQ timing for a SCell in case of TDD-FDD CA with eIMTA is defined as follows.
· UL HARQ timing of a SCell is not affected by eIMTA operation
· In case of FDD PCell, DL HARQ timing of TDD SCell is not affected by eIMTA operation

· When TDD PCell (if supported) is configured with DL-HARQ reference configuration for eIMTA, DL HARQ timing of FDD SCell with self-scheduling follows HARQ timing derived from the TDD PCell’s DL-HARQ reference configuration, not from the TDD PCell’s UL/DL configuration

3. Summary
In this contribution, we discussed the potential issues which require some discussion and decision for detailed TDD-FDD specification works. The suggestions can be summarized as follows.
Suggestion 1: Confirm the working assumption in table 1 regarding bit width of DCI fields for TDD-FDD CA

Suggestion 2: Decide between two alternatives for the number of DL HARQ processes for TDD SCell in case of FDD PCell

Alt.1) required maximum number of DL HARQ processes is defined as the number of DL HARQ processes for each SCell U/D configuration

Alt.2) number of DL HARQ processes is set to 8 regardless of the U/D configuration of the TDD SCell

Suggestion 3: For self-scheduling, the number of DL HARQ processed for FDD SCell in case of TDD PCell (if supported) is defined as the required maximum number of DL HARQ processes for the decided DL HARQ timing for FDD SCell. For cross-carrier scheduling, the number of DL HARQ processed for FDD SCell in case of TDD PCell follows the U/D configuration of TDD PCell.

Suggestion 4: it is FFS if the number of UL HARQ processed should be defined for TDD-FDD CA in Rel-12 specifications
Suggestion 5: DL/UL HARQ timing for a SCell in case of TDD-FDD CA with eIMTA is defined as follows.
· UL HARQ timing of a SCell is not affected by eIMTA operation

· In case of FDD PCell, DL HARQ timing of TDD SCell is not affected by eIMTA operation

· When TDD PCell (if supported) is configured with DL-HARQ reference configuration for eIMTA, DL HARQ timing of FDD SCell with self-scheduling follows HARQ timing derived from the TDD PCell’s DL-HARQ reference configuration, not from the TDD PCell’s UL/DL configuration
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