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1 Introduction 

The PUSCH HARQ and scheduling timing for cross-carrier scheduling in inter-band CA case A had been agreed on before. In 3GPP RAN WG1 #70 meeting[1], the remaining cases, i.e. case B, C and D, have been discussed and the following working assumption has been reached.

· Applicable for cases B, C and D

· Follow P-Cell timing for PDSCH, regardless of the number of aggregated CCs

· Follow scheduled cell timing for PUSCH,

· In a subframe where an UL grant is not detected,

· UE is not expected to decode PHICH in a subframe where PHICH is not available

· UE will deliver an “ACK” from PHY to MAC layer in that subframe

· FFS if there are other issues relating to UE behavior

We do not see any problem to confirm the working assumption for case B. However, for cases C and D with the working assumption to follow the scheduled cell timing for PUSCH, there will be degradation of the peak data rate performance since some of UL subframes are not able to be scheduled.
In this contribution, we provide our view on PUSCH HARQ and scheduling timing with cross-carrier scheduling for cases C and D.
2 PUSCH timing for cross-carrier scheduling
The major objective of supporting TDD inter-band CA is to achieve the maximum peak data rate. This is especially true for the full duplex scenarios. Therefore, our design principle is to utilize all the available radio resources to strive for maximizing the peak data rate.

2.1 Case C
For case C, there are six configuration combinations, represented as (Scheduling cell, Scheduled cell) below. The combinations, (config.2, config.3) and (config.2, config.4) is fine to follow the scheduled cell timing since all the UL subframes can be scheduled and used. However, some UL subframes may not be able to scheduled due to lack of scheduling DL subframe in other four cases. An example is given in Figure 1 where the combination is (config.3, config.1). As we can see, by following scheduled cell timing, the subframe #8 on Scell cannot be scheduled as the #4 subframe on the PCell is an UL subframe. To solve this issue, a reference UL/DL configuration corresponding to the configuration combination should be used for SCell PUSCH transmission and HARQ process.

[image: image4.jpg]Pcell
Config.#3

Scell o[1]2]3]as[6P7 Bl o] o[ 2]sTe[7]s]o
Config.#1





Figure 1 CA with PCell configuration 3 and SCell configuration 1.
We propose to use a reference UL/DL configuration 1 for combinations (config.3, config.2) and (config.4, config.2), and a reference UL/DL configuration 6 for combinations (config.3, config.1) and (config.1, config.3). If we apply the PUSCH scheduling and HARQ timing of a desireable reference configuration on the scheduled cell of a corresponding CA combinations, all UL subframes are able to be scheduled.
There may be an issue when use configuration 6 as a reference configuration due to the HARQ cycle is larger than 10ms. The situation is shown in Figure 2 with an example of two CCs with SIB1 configuration 3 on PCell and SIB1 configuration 1 on SCell. PUSCH transmission at subframe #3 on SCell is acknowledged at subframe #9 of PCell. Due to the synchronous nature of PUSCH HARQ, the retransmission should be happen at subframe #4 of SCell, but the subframe #4 is a DL subframe.
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Figure 2 An example of UL PUSCH synchronous HARQ.
The issue can be solved in the following several ways.
· The retransmission could be assigned on the previous UL subframe if that UL subframe has not been assigned to the same UE and the subframe index is not less than n+4, while n is the subframe index conveying the NACK. In this example, subframe #3 on SCell.
· The retransmission could be deferred to the next available UL subfram. In this case, subframe #7.

· Leave it to implementation [2], if the retransmission UL subframe cannot be found, eNB can temporarily terminate the current HARQ process by sending an ACK, and restart it via an UL grant.
The solution may add some degree of complexity. However, it will enable the scheduling on every UL subframe to increase the UL peak data rate. In our view, this is a worthwhile trade off.
Proposal 1: For case C, with cross-carrier scheduling, PUSCH HARQ and scheduling timing on scheduled cell follows a desired reference configuration based on the corresponding SIB1 configuration combinations
2.2 Case D
In case D, based on the analysis in [3], there is no scheduling issue with current working assumption for the combination (config.6, config.0). We propose to confirm the working assumption to follow configuration 0 HARQ and scheduling timing for the case of (config.6, config.0).
For the rest of case D, there are some UL subframe scheduling problems with the working assumption. However, if the scheduling cell SIB1 configuration timing is followed, there will be no UL peak data rate degradation on any of the rest of case D. The issue illustrated in Figure 2 can be solved by methods mentioned in section 2.1. 
Proposal 2: For case D, with cross-carrier scheduling, conform the working assumption for (config.6, config.0) combination to follow scheduled cell SIB1 configuration.
Proposal 3: For case D except for (config.6, config.0), with cross-carrier scheduling, PUSCH HARQ and scheduling timing on scheduled cell follows the scheduling cell SIB1 configuration.

3 Conclusions
In this contribution, we have discussed PUSCH HARQ and scheduling timing design for cross-carrier scheduling with cases C and D. We propose the following.
Proposal 1: For case C, with cross-carrier scheduling, PUSCH HARQ and scheduling timing on scheduled cell follows a desired reference configuration based on the corresponding SIB1 configuration combinations
Proposal 2: For case D, with cross-carrier scheduling, conform the working assumption for (config.6, config.0) combination to follow scheduled cell SIB1 configuration.

Proposal 3: For case D except for (config.6, config.0), with cross-carrier scheduling, PUSCH HARQ and scheduling timing on scheduled cell follows the scheduling cell SIB1 configuration.

The table below summarizes our view on PUSCH HARQ and scheduling timing design with cross-carrier scheduling for all cases.

	UL HARQ and scheduling timing reference configuration
	Scheduling cell SIB1 UL/DL configuration 

	
	0
	1
	2
	3
	4
	5
	6

	Scheduled cell SIB1 UL/DL configuration 
	0
	- 
	0
	0
	0
	0
	0
	0

	
	1
	0
	- 
	1
	6
	1
	1
	6

	
	2
	0
	1
	- 
	1
	1
	2
	6

	
	3
	0
	6
	3
	- 
	3
	3
	6

	
	4
	0
	1
	4
	3
	- 
	4
	6

	
	5
	0
	1
	2
	3
	4
	- 
	6

	
	6
	0
	6
	6
	6
	6
	6
	- 

	Colour Legend 
	Case A 
	Case B 
	Case C 
	Case D
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