Page 1

3GPP TSG-RAN WG1 #70 
R1-123165
August 13-17, 2012, Qingdao, China
Source: 
Intel Corporation 
Title:                     
 HARQ-ACK transmission for inter-band TDD CA
Agenda item:
     7.2.3
Document for:
 Discussion and Decision
1 Introduction
The inter-band carrier aggregation of TDD component carriers (CCs) with different configurations will be supported in Rel-11 and substantial progress related to HARQ-ACK transmission have already been reached during RAN1 #69 meeting. Both PUCCH format 3 and PUCCH format 1b with channel selection are agreed to be supported for HARQ-ACK transmission. However, there are still some open issues, especially for PUCCH format 1b with channel selection. 
This contribution provide further analysis on the identified issues regarding the two HARQ-ACK feedback schemes and consider how to properly address them with least associated specification complexity.
2 Discussion 
2.1 PUCCH format 1b with Channel selection
PUCCH format 1b with channel selection (CS) provided in LTE fulfils an important tool to significantly improve the link budget for HARQ-ACK transmission. Compared to Rel-10 TDD CA, a key characteristic of Rel-11 inter-band carrier aggregation (CA) is various number of DL subframe(s) associated with one UL subframe on each Cell, which lies in the fact that different UL-DL configuration are deployed for CCs aggregated and SCell HARQ-ACK timing follows the reference configuration. A typical example of different bundling window size on separate CC is illustrated in Figure 1 under the assumption that configuration 1 on PCell and configuration 2 on SCell respectively. In this example, the size of bundling windows associated with the UL subframe 7 is different for the two serving cells. For PCell, the HARQ-ACK bundling window size is 2 comprising subframe {0,1}, while it is 4 for SCell comprising subframe {9,0,1,3}, as shown in Figure 1. From the analysis so far we can conclude that the first issue need to be solved is how to select the HARQ-ACK mapping table for PUCCH format 1b with CS taking into account the different bundling window sizes. 
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 Figure 1: Variable bundling window size for inter-band TDD Carrier Aggregation.
One simple solution to enable PUCCH format 1b with CS for inter-band TDD CA is proposed in [1] as summarized below: 

· Option 1:  Common HARQ-ACK mapping table selection. 
For this alternative, the existing mapping tables with M= max (Mp, Ms), which are defined for the case of two configured CCs in Rel-10, is selected by UE for HARQ-ACK transmission, where Mp denotes the bundling window size on PCell and Ms is the bundling window size on SCell. Additionally, For a serving cell with smaller bundling window size , the UE shall totally generate M HARQ-ACK bits by appending (M-min(Mp, Ms)) additional HARQ-ACK bit(s), with for example, DTX value(s). In this manner the existing Rel-10 channel selection mapping tables can be reused for inter-band CA without having the need to define new mapping tables. 
Option 1 is a simple solution with less standardization efforts. Therefore, it is the good choice in terms of specification complexity aspects for supporting PUCCH format 1b with CS. However, one clear drawback of Option 1 observed is that it results in performance loss due to unnecessary time-domain bundling on the serving cell of smaller bundling window size. Figure 2 provides one example of the performance loss with assumed that configuration 1 and configuration 2 on PCell and SCell respectively. As shown in Figure 2, after padding the additional states with ‘DTX’, UE always generates the same mapped state “NACK, NACK” regardless of the actual decoding results of PDSCH on PCell, since two HARQ-ACK states, both “ACK, NACK, DTX, DTX” and “NACK, any, DTX, DTX”, are overlapping mapped to same mapped state which marked with ‘yellow’ color in Table 2. Therefore, padding additional HARQ-ACK states with ‘DTX’ always results in the HARQ-ACK state being unknown at eNB side and consequently the scheduling of PDSCHs on PCell may be potentially restricted at the eNB resulting in DL throughput loss. 
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Figure 2: HARQ-ACK states overlapping due to DTX padding

However, it should be noted that the performance loss occurs only in rather limited configurations combination cases, the solution to address it should avoid these excessive complexities involved. 

Some practical solutions to alleviate this problem are described as below: 

· Option 2:  Per-CC HARQ-ACK mapped state generation. 
In this option, the HARQ-ACK mapping tables (as Table 1 and 2 below) designed for time-domain bundling in Rel-10 need to be added to the TS 36.213 specification for HARQ-ACK mapping. Note that different bundling windows for timing-domain HARQ mapping are used on PCell and SCell differentially with respect to option 1. The overall HARQ-ACK mapping procedure can be divided into two steps outlined following. In a first step, HARQ(j) denotes the ACK/NACK/ DTX response for DL subframe ‘j’ in bundling window is generated for each serving cell respectively. Then timing-domain bundling defined in Rel-10 is separately used per CC to individually generate mapped state based on series of HARQ(j) within bundling window. Secondly, the existing Rel-10 mapping table, that is Table 10.1.3.2-3 in [1], is used to determine the constellation point and PUCCH channel 
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 corresponding to the concatenation of mapped states for two CCs. As shown in Figure 1, the size of bundling window for time-domain bundling is fully depending on the configurations combination and different between two CCs in option 2.

Table 1: HARQ-ACK state mapping for M = 3 case
	HARQ(0), HARQ(1), HARQ(2)
	Mapped State

	ACK,ACK,ACK
	ACK,ACK

	ACK,ACK,NACK/DTX
	NACK/DTX,ACK

	ACK,NACK/DTX, any
	ACK,NACK/DTX

	NACK/DTX, any, any
	NACK/DTX,NACK/DTX


Table 2: HARQ-ACK state mapping for M = 4 case
	HARQ-ACK(0), HARQ-ACK(1), HARQ-ACK(2), HARQ-ACK(3)
	Mapped state

	‘DTX, any, any, any’ or no DL assignment is received.
	DTX, DTX

	ACK, DTX, DTX, DTX
	ACK, NACK

	ACK, ACK, NACK/DTX, any
	NACK, ACK

	ACK, ACK, ACK, NACK/DTX
	ACK, ACK

	ACK, ACK, ACK, ACK
	ACK, NACK

	‘NACK, any, any, any’ or ‘ACK, DTX/NACK, any, any except for ‘ACK, DTX, DTX, DTX’
	NACK, NACK


· Option 3: Virtual HARQ-ACK bundling window selection. 

Alternatively, UE could select instinct bundling window sizes, neither Mp nor Ms, to avoid the overlapped states mapping on either of two CCs. Three simplification steps are taken in general. Firstly, two “virtual” HARQ-ACK bundling windows corresponding to PCell and SCell are simultaneously generated by moving one or multiple latest downlink subframe(s) from the larger bundling window of one of serving cells to the other serving cell. Secondly, the 2-bit DAI in DL grant can indicate the assigned Downlink subframe across the whole virtual HARQ-ACK bundling windows. Finally, a similar operation is used as in option 2 that UE performs separately time-domain bundling within each virtual bundling window on each serving cell to generate mapped state. Moreover, Table 10.1.3.2-3 is used to determine the final PUCCH resources and constellation point. Figure 3 shows a conceptual overview of the HARQ-ACK mapping procedure of option 3 with the assumption that configuration 1 on PCell and configuration 2 on SCell as above. The latest DL subframe of SCell is “virtually” removed from SCell to PCell to construct the corresponding virtual bundling windows. It should be noted that besides the “virtual” bundling window generation across CCs, DAI counting across the whole “virtual” bundling window of serving cell is an essential element of this option to assist the error case handling.
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Figure 3: HARQ-ACK feedback procedure in option 3
·   Modified Option 1: For a UE configured with PUCCH format 1b with channel selection, and two configured serving cells, the  HARQ-ACK transmission shall follow option 1 except the following: 

·      In case of min{Mp,Ms}=2 and max{Mp,Ms}=4, the state of “ACK,NACK” and “NACK,ACK” for the serving cell  with min{Mp,Ms}=2 are, respectively, mapped to “ACK,DTX,DTX, DTX” and “ACK,ACK,ACK, NACK/DTX” for {HARQ-ACK(0),HARQ-ACK(1),HARQ-ACK(2), HARQ-ACK(3)}.

·       In case of min{Mp,Ms}=2 and max{Mp,Ms}=3, the state of “NACK,ACK” for the serving cell with min{Mp,Ms}=2 is mapped to “ACK,ACK,ACK” for {HARQ-ACK(0),HARQ-ACK(1),HARQ-ACK(2)}.
·       In case of min{Mp,Ms}=3 and max{Mp,Ms}=4, the state of “ACK,NACK, any” for the serving cell with min{Mp,Ms}=3 is mapped to “ACK,DTX,DTX,DTX” for {HARQ-ACK(0),HARQ-ACK(1),HARQ-ACK(2)}.

The choice among these solutions should be based on usual metrics such as throughput performance and specification complexity. Basically, there is no difference among the enhanced options, option 2, 3 and modified option 1, in terms of DL throughput performance because all solutions could effectively solve the overlapped state issue mentioned above. The difference among them lies in the specification complexity and standardization efforts taking into the timeframe of Rel-11 left: both option 2 and 3 require additional specification contents to describe the Rel-10 timing-domain bundling operations, together with the additional two tables – Table 1 and 2. Moreover, for option 3, DAI concept potentially needs to be redefined by extending it through the virtual bundling window in order to handle the potential error cases as shown in Figure 3. Therefore, for simplicity reason, modified option 1, is slightly preferred to support PUCCH format 1b with CS for inter-band TDD CA. 
Proposal 1: 

· The UE select the channel selection mapping table corresponding to M=max(MP, MS) and the HARQ-ACK bits that do not correspond to any DL subframe is set to DTX except the following: 

·    In case of min{Mp,Ms}=2 and max{Mp,Ms}=4, the state of “ACK,NACK” and “NACK,ACK” for the serving cell  with min{Mp,Ms}=2 are, respectively, mapped to “ACK,DTX,DTX, DTX” and “ACK,ACK,ACK, NACK/DTX” for {HARQ-ACK(0),HARQ-ACK(1),HARQ-ACK(2), HARQ-ACK(3)}.

·    In case of min{Mp,Ms}=2 and max{Mp,Ms}=3, the state of “NACK,ACK” for the serving cell with min{Mp,Ms}=2 is mapped to “ACK,ACK,ACK” for {HARQ-ACK(0),HARQ-ACK(1),HARQ-ACK(2)}.
·    In case of min{Mp,Ms}=3 and max{Mp,Ms}=4, the state of “ACK,NACK, any” for the serving cell with min{Mp,Ms}=3 is mapped to “ACK,DTX,DTX,DTX” for {HARQ-ACK(0),HARQ-ACK(1),HARQ-ACK(2)}.

2.2 PUCCH format 3
For a UE configured with PUCCH format 3 for HARQ-ACK transmission, substantial progresses have been made already, not only covering the HARQ-ACK transmission on PUCCH case, but also extending to HARQ-ACK transmission on PUSCH case. For the latter case, HARQ-ACK piggybacked on PUSCH, two issues related to configuration 0 and 5 are still open [3], which are discussed in the following section. 

Issue 1: FFS for the value of Bc^{DL} if the TDD UL-DL configuration which the timing reference configuration is #5 

The latest agreement for the timing reference configuration is #{1, 2, 3, 4, 6} can be directly extended to apply for all cases, including configuration #5 case, as below:           
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Where U denotes the maximum value of Uc among all the configured serving cells, 
Uc is the total number of received PDSCHs and PDCCH indicating downlink SPS release in subframe(s) n-k on the c-th serving cell, defined in Table 10.1.3.1-1 of TS.36.213; Mc is the number of elements in set Kc;
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 is determined by the Downlink Assignment Index (DAI) in DCI format 0/4 of serving cell in which UCI piggybacking on PUSCH, according to Table 7.3-Z of TS 36.13 in subframe n-k’, where k’ is defined in Table 7.3-Y of TS 36.213; 
Issue 2: FFS if the timing reference configuration is #0, for HARQ-ACK transmission in an UL subframe n and on PUSCH adjusted by an UL grant
This case corresponds to configuration 0 on PCell and other configuration on SCell, and simultaneously UL grant for PUSCH is transmitted on PCell. For this case, since the DAI is not presented in UL grant and correspondingly 2-bit UL index field is used for UL subframe index indication as defined in Rel-8, therefore no field in uplink grant format could be used to indicate the maximum number of PDSCH subframes transmitted within bundling window among serving cells for configuration 0 and the value of Bc^{DL} has to be decided in the following way: 
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According to above simple analysis performed on the two open issues, we propose: 
Proposal 2: For a UE configured with PUCCH format 3 and HARQ-ACK transmission in an UL subframe n adjusted by an UL grant, if the timing reference configuration carrying uplink grant is not configuration #0, the HARQ-ACK transmission shall follow the Rel-10 design except the following:
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Note that, similar like in Rel-10, for special subframe configuration 0 and 5 with normal downlink CP or configuration 0 and 4 with extended downlink CP in a c-th serving cell, the special subframe of the serving cell is excluded from Mc calculation to reduce the HARQ-ACK codebook size, because no PDSCH is transmitted practically for these special configurations. 
3 Conclusions
This contribution considered the selection among several solutions to support PUCCH format 1b with CS for inter-band TDD CA in Rel-11 considering the metric of DL throughput and potential specification complexity. While there is no practical difference among the alternatives with respect to DL throughput, the alternative of modified option 1is superior to the other enhanced options in terms of specification complexity aspect. Therefore, we propose: 
Proposal 1: 

·   The UE select the channel selection mapping table corresponding to M=max(MP, MS) and the HARQ-ACK bits that do not correspond to any DL subframe is set to DTX except the following: 

·      In case of min{Mp,Ms}=2 and max{Mp,Ms}=4, the state of “ACK,NACK” and “NACK,ACK” for the serving cell  with min{Mp,Ms}=2 are, respectively, mapped to “ACK,DTX,DTX, DTX” and “ACK,ACK,ACK, NACK/DTX” for {HARQ-ACK(0),HARQ-ACK(1),HARQ-ACK(2), HARQ-ACK(3)}.

·       In case of min{Mp,Ms}=2 and max{Mp,Ms}=3, the state of “NACK,ACK” for the serving cell with min{Mp,Ms}=2 is mapped to “ACK,ACK,ACK” for {HARQ-ACK(0),HARQ-ACK(1),HARQ-ACK(2)}.
·      In case of min{Mp,Ms}=3 and max{Mp,Ms}=4, the state of “ACK,NACK, any” for the serving cell with min{Mp,Ms}=3 is mapped to “ACK,DTX,DTX,DTX” for {HARQ-ACK(0),HARQ-ACK(1),HARQ-ACK(2)}.
Additionally, we analysed the open issues regarding HARQ-ACK piggybacked on PUSCH when PUCCH format 3 is configured for UE. Basically, the existing agreement could be directly extended for the case for the timing reference configuration#5. The proposal based on our analysis could be summarized as below: 
Proposal 2: For a UE configured with PUCCH format 3 and HARQ-ACK transmission in an UL subframe n adjusted by an UL grant, if the timing reference configuration carrying uplink grant is not configuration #0, the HARQ-ACK transmission shall follow the Rel-10 design except the following:
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