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1 Introduction
Four different cases for PUSCH HARQ/scheduling timing are identified and analyzed [1]. These cases are shown in Table 1.
·   Case A: UL subframes indicated by the scheduled cell SIB1 configuration are a subset of the UL subframes indicated by the scheduling cell SIB1 configuration and if the PUSCH RTT of the scheduling cell SIB1 configuration is 10ms
·   Case B: UL subframes indicated by the scheduled cell SIB1 configuration are a superset of the UL subframes indicated by the scheduling cell SIB1 configuration and if the PUSCH RTT of the scheduling cell SIB1 configuration is 10ms
·   Case C: UL subframes indicated by the scheduled cell SIB1 configuration are neither a superset nor subset of the UL subframes indicated by the scheduling cell SIB1 configuration and if the PUSCH RTT of the scheduling cell SIB1 configuration is 10ms
·   Case D: PUSCH RTT of the scheduling cell SIB1 configuration is not 10ms
Table.1: reference cases for PUSCH HARQ/scheduling timing on SCell
	
	SIB1 UL-DL Configuration of Scheduling Cell

	
	0
	1
	2
	3
	4
	5
	6

	SIB-1 UL-DL Configuration of Scheduled Cell
	0
	
	B
	B
	B
	B
	B
	D

	
	1
	D
	
	B
	C
	B
	B
	D

	
	2
	D
	A
	
	C
	C
	B
	D

	
	3
	D
	C
	C
	
	B
	B
	D

	
	4
	D
	A
	C
	A
	
	B
	D

	
	5
	D
	A
	A
	A
	A
	
	D

	
	6
	D
	B
	B
	B
	B
	B
	


In RAN1 #68 meeting, it was agreed that PUSCH HARQ/scheduling timing on SCell shall follow the scheduling cell SIB1 configuration for Case A, in order to maximize the UL peak data rate. However, for cross-carrier scheduling, the remaining cases (e.g. Case B, C and D) are still not decided. In this paper, we provide further analysis on HARQ/ scheduling timing for the remaining pending cases. 
2  Discussion 
In the following sections, we share our views on PUSCH HARQ/scheduling timing in each of the following three cases, assuming cross-carrier scheduling is configured. 
2.1 Case B:
This case corresponds to 17 out of 42 combinations (see Table 1). For Case B, as shown in Figure 1, two methods are defined for the PUSCH scheduling/HARQ timing on the scheduled SCell.

·  Alternative 1: PUSCH scheduling /HARQ timing on the scheduled SCell follows the scheduling cell SIB1 configuration.

·  Alternative 2: PUSCH scheduling/HARQ timing on the scheduled SCell follows scheduled cell SIB1 configuration. 
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Figure 1:  the candidate PUSCH HARQ/scheduling timing for Case B
It is clear that Alternative 2 provides higher uplink peak data rate for CA capable UEs, because all uplink subframes on SCell can be utilized. Table 2 provides some numerical results of uplink resource utilization efficiency gain for Case B. Here, the resource utilization efficiency gain (G) is defined as the ratio of (1) the difference of utilizable uplink subframes number between these two alternatives to (2) the sum of UL utilizable subframes with Alt.1. As shown in Table 2, more than 50% of gains are observed in UL resource utilization efficiency for majority of Case B using Alternative 2. Compared to Alternative 1, Alternative 2 is preferred due to its better performance in maximizing the UL peak data rate. 
Table 2: Gain in the UL resource utilization efficiency for some configurations combination of Case B

	
	SIB1 UL-DL Configuration of Scheduling Cell

	
	1
	2
	3
	4
	5

	SIB1 UL-DL Configuration of Scheduled Cell
	0
	25%
	100%
	50%
	100%
	250%

	
	6
	12.5%
	75%
	33.3%
	75%
	200%


In terms of standardization efforts, two aspects, e.g. scheduling and HARQ timing, are discussed below. Since DL subframes on scheduling cell are a superset of the DL subframes on scheduled cell for Case B, covering the cross-carrier UL grants (on the scheduling Cell) for PUSCH transmission (on the scheduled Cell) based on the scheduled cell scheduling time is readily available and no specification changes in terms of scheduling timing is needed. On the other hand, with Alternative 2, the control feedback on PHICH may need to be transmitted on DL subframes without PHICH resources (zero-PHICH subframe) as shown in Figure 1. However, zero-PHICH DL subframes cannot be utilized for PHICH due to legacy support. The exact PHICH operation for these cases requires further investigation. The following two methods, either PHICH-less operation or enhanced PHICH (e-PHICH) if supported, could be utilized for PUSCH retransmission operation without significant impact to specification complexity. 
In summary, for Case B, it is clear that Alternative 2 can provide a significant increase in the UL peak data rate for the CA capable UEs, at the cost of introducing some marginal specification/implementation efforts. Therefore, we propose: 
Proposal 1: For Case B, PUSCH HARQ/scheduling timing on scheduled cell should follow its own SIB1 configuration when cross-carrier scheduling is configured. 
2.2 Case C:
This case corresponds to 6 out of 42 combinations (see Table 1). Similar to the discussion on Case B, the solution that maximizes uplink peak data rate for CA capable UEs while maintaining acceptable specification complexity is preferred. 
For the two configuration combinations, e.g. {Config.2 (scheduling cell) + Config.3/4 (scheduled cell)}, the maximum UL spectral efficiency is obtained by simply following scheduled cell’s scheduling/HARQ timing as illustrated in Figure 2. 
For the other four cases, simply following scheduled cell for PUSCH on SCell would decrease the  UL peak data rate for carrier aggregation due to lack of UL grant resources on scheduling cell. To address this issue, reference UL-DL configurations corresponding to respective configuration combinations could be used for PUSCH transmission on SCell as summarized in Table 3.There are trade-offs between implementation complexity and higher UL peak data rate for these cases and following the scheduling Cell SIB1 configurations may be an acceptable trade-off.  
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Figure 2: PUSCH Scheduling/HARQ timing for configuration combinations {Config.2 + Config.3/4}
Table 3: Reference UL-DL configuration for Case C

	
	SIB1 UL-DL Configuration of Scheduling Cell

	
	1
	2
	3
	4

	SIB1 UL-DL Configuration of Scheduled Cell
	1
	
	-
	6
	-

	
	2
	-
	
	1
	1

	
	3
	6
	3
	
	-

	
	4
	-
	4
	-
	


Based on above analysis, we have following proposal to to enable higher peak data rate: 
Proposal 2: For Case C, PUSCH HARQ/scheduling timing on scheduled cell may follow the selected reference UL-DL configuration when cross-carrier scheduling is configured.
2.3 Case D:
This case corresponds to 12 out of 42 combinations (see Table 1). No restriction imposed on the configuration combination is preferred in order to simplify the core specification and provide sufficient flexibility for network deployment. PUSCH scheduling/HARQ timing on scheduled cell can simply follow the scheduling cell SIB1 configuration without  decreasing UL peak data rate. The main issue arising from this method is that the UL subframes belonging to the same HARQ process may shift position within the frames over time. However, this issue could be solved by deferring the PUSCH re-transmission to the next available UL subframe. 
Proposal 3: For Case D, PUSCH HARQ/scheduling timing on scheduled cell may follow the scheduling cell SIB1 configuration when cross-carrier scheduling is configured.
3 Conclusions
This contribution discussed the PUSCH scheduling/HARQ timing considerations for the three cases of inter-band TDD CA combinations (cases B, C, and D) with the assumption that cross-carrier scheduling is configured. During the discussion, the trade-offs between additional specification complexities, UE/network complexity and achievable UL peak data rate were taken into account for CA capable UEs. Based on the discussions, we have the following proposals:
Proposal 1: For Case B, PUSCH HARQ/scheduling timing on scheduled cell should follow its own SIB1 configuration when cross-carrier scheduling is configured. 

Proposal 2: For Case C, PUSCH HARQ/scheduling timing on scheduled cell may follow the selected reference UL-DL configuration when cross-carrier scheduling is configured.
Proposal 3: For Case D, PUSCH HARQ/scheduling timing on scheduled cell may follow the scheduling Cell SIB1 configuration when cross-carrier scheduling is configured.
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