3GPP TSG RAN WG1 Meeting #70                                                                         R1-123389
Qingdao, China, 13th – 17th August 2012
Source:
ZTE

Title:                   Scheduling and HARQ timing for cross-carrier PUSCH scheduling for TDD CA with different UL-DL configurations
Agenda Item:
7.2.3
Document for:
Discussion and Decision
1 Introduction
In RAN1#67 and 68, thanks to effective email discussion, substantial progress has been made for the support of aggregation of cells with different TDD UL-DL configurations. In RAN1#68, all working assumptions made in RAN1#67 were confirmed and it was agreed that HARQ timing of PCell PDSCH, the scheduling timing and HARQ timing of PCell PUSCH should follow the PCell’s timing. Regarding the timing of PUSCH on SCell and cross-carrier PUSCH scheduling, the following conclusions were reached:
· The PUSCH HARQ/scheduling timing on SCell shall

· follow the scheduling cell SIB1 configuration in case of cross carrier scheduling if the set of UL subframes indicated by the scheduled cell SIB1 configuration is 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

· FFS in case of cross carrier scheduling if the set of UL subframes indicated by the scheduled cell SIB1 configuration is NOT a subset of the UL subframes indicated by the scheduling cell SIB1 configuration or if the PUSCH RTT of the scheduling cell SIB1 configuration is NOT 10ms

· For uplink cross-carrier scheduling, the cases that are supported in Rel-11 are:

· At least for the case where the set of UL subframes indicated by the scheduled cell SIB1 configuration is 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
· Other cases are FFS
In this document we address the scheduling/HARQ timing of PUSCH on SCell for the FFS cases of cross-carrier scheduling in aggregation of TDD cells with different UL-DL configurations. 
2 Discussions
Seven different TDD UL-DL configurations are defined for LTE TDD. Considering the aggregation of two carriers, there are 42 possible combinations of different TDD UL-DL configurations. As the major issue for scheduling and retransmission of PUSCH on scheduled cell in the case of cross-scheduling is whether the UL grant/PHICH on scheduling Cell [1] [2] is available or not, to discuss the scheduling and HARQ timing solution for PUSCH on SCell cross-carrier scheduled by a cell with different UL-DL configuration, UL-DL configuration combinations are categorized into 4 cases, as shown in table 1.

For Case 1: the solution was agreed in RAN1#68 that the PUSCH HARQ/scheduling timing on SCell shall follow the scheduling cell SIB1 configuration.

Hereinafter, for case 2, case 3 and case 4, we discuss issues related to scheduling/HARQ timing of PUSCH on SCell in the case of cross-carrier scheduling respectively:

Table 1: Classification of combination of different TDD UL-DL configurations

	Classification
	Scheduling cell UL-DL Configuration

	
	0
	1
	2
	3
	4
	5
	6

	Scheduled cell UL-DL Configuration
	0
	
	◎
	◎
	◎
	◎
	◎
	◎

	
	1
	◇
	
	◎
	△
	◎
	◎
	◇

	
	2
	◇
	★
	
	△
	△
	◎
	◇

	
	3
	◇
	△
	◎
	
	◎
	◎
	◇

	
	4
	◇
	★
	◎
	★
	
	◎
	◇

	
	5
	◇
	★
	★
	★
	★
	
	◇

	
	6
	◇
	◎
	◎
	◎
	◎
	◎
	

	Notes:

	 ★
	Case 1: The set of UL subframes indicated by the scheduled cell SIB1 configuration is a subset of the UL subframes indicated by the scheduling cell SIB1 configuration and the PUSCH RTT of the scheduling cell SIB1 configuration is 10ms. 

	◎
	Case 2: The set of DL subframes carrying UL grant/PHICH corresponding to the scheduled cell SIB1 configuration is a subset of DL subframes indicated by the scheduling cell SIB1 configuration.

	◇
	Case 3: The set of DL subframes carrying UL grant/PHICH corresponding to the scheduled cell SIB1 configuration is not a subset of DL subframes indicated by the scheduling cell SIB1 configuration and the PUSCH RTT of the scheduling cell SIB1 configuration is not 10ms

	△
	Case 4: The set of DL subframes carrying UL grant/PHICH corresponding to the scheduled cell SIB1 configuration is not a subset of DL subframes indicated by the scheduling cell SIB1 configuration and the PUSCH RTT of the scheduling cell is same as that of the scheduled cell.


2.1 Scheduling timing and HARQ timing for case 2
All the 20 combinations of different UL-DL configurations categorized into case 2 have the same characteristic that the set of DL subframes carrying UL grant/PHICH corresponding to the scheduled cell SIB1 configuration is a subset of DL subframes indicated by the scheduling cell SIB1 configuration, thereby the followings can be concluded for case 2:

· If scheduling/HARQ timing of PUSCH on scheduled cell follows the scheduling cell SIB1 configuration (Option 1), obviously only a portion of UL subframes on scheduled SCell can be scheduled as scheduling cell is UL less, which accordingly reduce the UL peak data rate.
· If scheduling/HARQ timing of PUSCH on scheduled cell follows this scheduled cell its own SIB1 configuration (Option 2), the availability of UL grant on scheduling cell is always guaranteed, and then the only concern is the PHICH problem because the location of non-zero PHICH subframe is UL-DL configuration dependent as well rather than all DL subframes have the PHICH resources, as shown in Figure A.1 in Annex. However, at least two approaches can be envisioned to solve the PHICH problem as follows, and then the UL peak data rate can be preserved.
· Alternative 1: PUSCH retransmission is triggered by dynamic UL grant when PHICH resource is not available [1]. The drawback is loss of benefit from non-adaptive retransmission.
· Alternative 2: new PHICH resources on scheduling cell is created in a backward compatible manner [2], e.g. some CCEs on scheduling cell are pre-defined for PHICH for scheduled cell, which could be transparent to legacy UEs.
As illustrated in figure A.1 in Annex, UL subframes on scheduled cell can be fully utilized by option 2 in conjunction with PHICH-less operation (i.e. adaptive retransmission), accordingly UL peak data rate is preserved. By option1, though availability of PHICH is guaranteed, the UL peak data rate is not maximized, e.g. for combination of {#2, #1} and {#5, #1}, 1/2 and 3/4 UL subframes on scheduled cell can not be scheduled respectively, which somewhat contradicts with the motivation of UL CA.
Proposal 1: for case 2, the HARQ/scheduling timing of PUSCH on SCell in case of cross-carrier scheduling shall follow the scheduled cell its own SIB1 configuration. Adaptive-retransmission can be used when PHICH resource is not available on scheduling cell.
2.2 Scheduling timing and HARQ timing for case 3
For case 3, because the UL HARQ is synchronous and PUSCH RTT of scheduling cell is different to that of scheduled cell, it is not suitable to simply reuse scheduling timing and HARQ timing corresponding to either scheduled cell or scheduling cell SIB1 configuration for scheduled cell. The problem for this case is either lack of UL grant on scheduling cell or no valid UL subframe on scheduled cell for retransmission, accordingly special handling is required to suitably support this case, e.g. new timeline or retransmission holding/suspending mechanism which poses non-negligible standard impact. As illustrated in Figure A.2 in Annex:
· If scheduling/HARQ timing of PUSCH on scheduled cell follows the scheduling cell SIB1 configuration, retransmission problem occurs, i.e. retransmission would not be viable on scheduled cell because retransmission occasion shifts a subframe within radio frame every retransmission while corresponding subframe would be DL, so this retransmission should be hold until next retransmission occasion where UL subframe is available, which results in additional standard and implementation complexity.
· If scheduling/HARQ timing of PUSCH on scheduled cell follows the scheduled cell, a large portion of UL subframes, e.g. UL subframe #4 and #9 in the given example, on scheduled cell can not be scheduled due to lack of UL grant, so new timeline is required for full resource utilization or scheduling restriction is imposed.
It is preferred to consider cross-carrier PUSCH scheduling for case 3 in later release considering the limited time in R11, though disabling cross-carrier UL scheduling for case 3 implies CA operation restriction for case 3 when cross-carrier scheduling should be configured for Scell.
Proposal 2: cross-carrier UL scheduling is not supported for case 3 in Release 11.
2.3 Scheduling timing and HARQ timing for case 4

For case 4, if PUSCH scheduling and HARQ timing solely follows the timeline corresponding either scheduled cell or scheduling cell SIB1 configuration, some UL subframes on scheduled cell can not be scheduled due to lack of UL grant or lack of viable timeline. 
In our point of view, it is hard to say those combination are not typical in the Het-net deployment scenarios because configuration #1 and #2 are popular now in homogenous networks while configuration#3 and #4 are suitable for hot spots. Hence, to draw the conclusion on whether to support cross-carrier scheduling for case 4, operator’s input is very helpful.

As the PUSCH RTT of scheduling cell SIB1 configuration is same as that scheduled cell SIB1 configuration, which means there is no such retransmission problem as identified for case 3, then it seems feasible to consider a “subframe dependent timing solution”: e.g. for consistent UL subframes, the PUSCH on scheduled cell follows scheduling cell SIB1 configuration, otherwise select a suitable timeline from existing 10ms RTT HARQ-ACK timeline for inconsistent subframe(s). This solution seems to be still in line with the current agreement “no new HARQ-ACK timing”. However, this solution can support combination of {#1,#3} , {#3,#2} and {#4,#2} as illustrated in figure 1-3, but can not support combination of {#3, #1} very well as illustrated in figure 4. 
Alternatively, for simplicity the HARQ/scheduling timing of PUSCH on scheduled cell follows the scheduling cell SIB 1 configuration, which poses some scheduling restrictions and is worse than subframe-dependent timing solution from UL peak data rate point of view, but is better than following scheduled cell SIB 1 configuration from PHICH problem point of view. 
Proposal 3: Sub-frame dependent timing solution for PUSCH on scheduled cell can be considered if cross-carrier scheduling is supported for case 4. 
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Figure 1: illustration of subframe-dependent HARQ timing for combination {#1, #3}
[image: image2.emf] 

D S U D D D S U D D D S U D D D S U D D

G/H

1

P1

Scheduled Cell

(Configuration  #2)

2   UL HARQ

Processes

D S U U U D D D D D D S U U U D D D D D

Radio frame #1 Radio frame #2

G/H

1

P1

G/H

1

G/H

2

P2

3   UL HARQ

Processes

G/H

1

P1

G/H

2

P2

G/H

2

P2

G/H

2

P3

G/H

3

P3

G/H

3

G/H

3

D S U U U D D D D D

P1

G/H

1

P2

G/H

2

Radio frame #3

D

DL subframe

Special subframe U

UL subframe 

G/H

UL Grant/PHICH

P

PUSCH

UL grant available

No PHICH

S

PHICH available

Scheduling Cell

(Configuration  #3)

F

o

l

l

o

w

 

c

o

n

f

i

g

#

3

F

o

l

l

o

w

 

C

o

n

f

i

g

#

1

 

 

F

o

l

l

o

w

 

c

o

n

f

i

g

u

#

3

D S U D D D S U D D

Radio frame #2

F

o

l

l

o

w

 

c

o

n

f

i

g

#

1


Figure 2: illustration of subframe-dependent HARQ timing for combination {#3, #2}
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Figure 3: illustration of subframe-dependent HARQ timing for combination {#4, #2}
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Figure 4: illustration of subframe-dependent HARQ timing for combination {#3, #1}
3 Conclusion
In this contribution, we categorized the UL-DL configuration combinations into 4 cases for cross-carrier PUSCH scheduling and discussed issues related to scheduling/HARQ timing of PUSCH on SCell for case 2, 3 and 4 respectively. In particular, our proposals are as follows:
Proposal 1: for case 2, the HARQ/scheduling timing of PUSCH on SCell in case of cross-carrier scheduling shall follow the scheduled cell its own SIB1 configuration. Adaptive-retransmission can be used when PHICH resource is not available on scheduling cell.

Proposal 2: cross-carrier UL scheduling is not supported for case 3 in Release 11.

Proposal 3: Sub-frame dependent timing solution for PUSCH on scheduled cell can be considered if cross-carrier scheduling is supported for case 4.
	HARQ/scheduling timing of PUSCH on Scheduled Cell follows Config #
	Scheduling cell UL-DL Configuration

	
	0
	1
	2
	3
	4
	5
	6

	Scheduled cell UL-DL Configuration
	0
	
	0
	0
	0
	0
	0
	0

	
	1
	×
	
	1
	[{1+3}]
	1
	1
	×

	
	2
	×
	1
	
	[{1+3}]
	[{1+4}]
	2
	×

	
	3
	×
	[{1+3}]
	3
	
	3
	3
	×

	
	4
	×
	1
	4
	3
	
	4
	×

	
	5
	×
	1
	2
	3
	4
	
	×

	
	6
	×
	6
	6
	6
	6
	6
	

	Notes: 
	 Case 1
	Case 2
	Case 3
	Case 4
	×: not supported in R11
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Figure A.1-a: combination of {configuration  #2, configuration #1}
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Figure A.1: illustration of case 2 (follows the scheduled cell SIB1 configuration)
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Figure A.2-a:  PUSCH scheduling timing and HARQ timing follow timing corresponding to scheduled cell SIB1  configuration
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Figure A.2-b:  PUSCH scheduling timing and HARQ timing follow timing corresponding to scheduling cell SIB1  configuration
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Figure A.2: illustration of case 3 (combination of {configuration#0, configuration #1})
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