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1 Introduction

In RAN1#60 meeting, as to the Layer shifting / HARQ bundling in UL multiple antenna transmission, the following was agreed,

· No layer shifting, and continue discussion on HARQ bundling.
In this contribution, we will present Huawei’s view on HARQ bundling in UL multiple antenna transmission in R10 as below: 
· Two ACK/NACK for two codeword UL transmission should be used in R10 as the default mode

· If  cases where downlink PHICH capacity cannot fulfil the requirement of uplink transmission are verified to exist
· ACK/NACK bundling for two codeword UL transmission might be needed.

· ACK/NACK bundling or NOT can be signalled via high layer signalling.

2 Discussion of PHICH in R10
In R10, UL MIMO is an important feature. However, considering the backward compatibility to R8, it is widely expected to reuse the R8 PHICH scheme in R10. In LTE R8, PHICH is designed for UL single codeword transmission. PHICH resource is identified by the index pair
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is the PHICH group number and 
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is the orthogonal sequence index within the group [1]. For frame structure type 1, the number of PHICH groups 
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 is constant in all subframes and given by [2]
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 is provided by higher layers. The index 
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. And, considering up to 8 sequences can be provided within each PHICH group, the number of available PHICH resource in each subframe is as many as 
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In LTE R8, PHICH resources identified by the index pair
[image: image11.wmf])

,

(

seq

PHICH

group

PHICH

n

n

are allocated to the dynamically scheduled UEs and semi-persistent scheduled UEs with UL transmission in the relevant UL subframe. For example, if 10 R8 UEs are dynamically co-scheduled in the same UL subframe, 10 different PHICH resources are assigned to those UEs in the related DL subframe. Moreover, if supporting 50 VoIP UEs per MHz as required in [4] and assuming VoIP transmission period of 20ms with active factor of 0.5, 25 PHICH resources in each DL subframe should be kept for these VoIP users in the system with 20MHz DL bandwidth.
In LTE R10, up to two codewords in UL transmission can be supported for each UE. Therefore, if two ACKs/NACKs are required for two codewords transmission, the number of PHICH resource needed for the dynamically scheduled UEs may be doubled. In the Appendix, we calculate the required PHICH resources accordingly for the cases of A/N bundling and NO A/N bundling based on the following assumptions:

· 50% of the PDCCH resources are allocated to uplink and 50% of the resources are allocated to downlink
· The system supports 50 VoIP UEs per MHz as required in ‎[3] and a VoIP transmission period of 20ms with active factor of 0.5
· 65% of the data UEs are rank-2 transmission and 35% of the data UEs are rank-1 transmission [5]. This implies that
· 65% of the UEs will need multiple PHICH resources while 35% of the UEs will need only 1 PHICH resource. 

· 65% of the UEs will not need any CCE aggregation (1 CCE per UE) and 35% of the UEs will need CCE aggregation (we assume 2 CCEs per UE as a lower-bound). 

The table in Appendix shows the percentage of PHICH resources desired in different scenarios. In some cases of small Ng, e.g. 1/6 or 0.5, with and without A/N bundling, the number of the desired PHICH resources are larger than those available. However, by setting larger Ng of 2, the number of the desired PHICH resource can be satisfied in all cases. So, even with 2 ACK/NACK for two codeword UL transmission, PHICH resources in LTE R8 still suffice in most common scenarios.
With ACK/NACK bundling in UL MIMO, only one PHICH resource is needed for each UE. But, it will incur some unnecessary resource waste in UL data retransmission, since two codewords should both be retransmitted when one of them is NACK. 
Based on the above discussion, we propose that

· Two ACKs/NACKs for two codeword UL transmission should be used in R10 as the default mode.

· If cases where downlink PHICH capacity cannot fulfil the requirement of uplink transmission are verified to exist
· ACK/NACK bundling for two codeword UL transmission might be needed.

· ACK/NACK bundling or NOT can be signalled via high layer signalling.

3 Conclusions
As to ACK/NACK bundling in UL multiple antenna transmission in R10, we propose that

· Two ACK/NACK for two codeword UL transmission should be used in R10 as the default mode

· If  cases where downlink PHICH capacity cannot fulfil the requirement of uplink transmission are verified to exist
· ACK/NACK bundling for two codeword UL transmission might be needed.

· ACK/NACK bundling or NOT can be signalled via high layer signalling.
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 Appendix 
Table 1 Percentage of PHICH resources desired to that available.
	BW
	Ng
	Number of OFDM symbols in PDCCH
	Number of Uplink UEs allocated 
	Number of VoIP UEs
	percentage of PHICH resources desired to that available
(A/N bundling)
	percentage of PHICH resources desired to that available
(No A/N bundling)

	5
	0.166667
	1
	2
	7
	112.50%
	125.00%

	5
	0.166667
	2
	5
	7
	162.50%
	187.50%

	5
	0.166667
	3
	8
	7
	212.50%
	250.00%

	5
	0.5
	1
	2
	7
	56.25%
	62.50%

	5
	0.5
	2
	5
	7
	81.25%
	93.75%

	5
	0.5
	3
	8
	7
	106.25%
	125.00%

	5
	1
	1
	1
	7
	25.00%
	28.13%

	5
	1
	2
	5
	7
	40.63%
	46.88%

	5
	1
	3
	8
	7
	53.13%
	62.50%

	5
	2
	1
	1
	7
	14.29%
	16.07%

	5
	2
	2
	4
	7
	21.43%
	25.00%

	5
	2
	3
	7
	7
	28.57%
	32.14%

	10
	0.166667
	1
	4
	13
	112.50%
	125.00%

	10
	0.166667
	2
	10
	13
	162.50%
	181.25%

	10
	0.166667
	3
	16
	13
	212.50%
	243.75%

	10
	0.5
	1
	3
	13
	53.13%
	56.25%

	10
	0.5
	2
	10
	13
	81.25%
	90.63%

	10
	0.5
	3
	16
	13
	106.25%
	121.88%

	10
	1
	1
	3
	13
	30.36%
	32.14%

	10
	1
	2
	9
	13
	44.64%
	50.00%

	10
	1
	3
	15
	13
	58.93%
	67.86%

	10
	2
	1
	3
	13
	15.38%
	16.35%

	10
	2
	2
	9
	13
	23.08%
	25.96%

	10
	2
	3
	15
	13
	30.77%
	35.58%

	15
	0.166667
	1
	6
	19
	162.50%
	175.00%

	15
	0.166667
	2
	15
	19
	243.75%
	275.00%

	15
	0.166667
	3
	24
	19
	318.75%
	368.75%

	15
	0.5
	1
	6
	19
	65.00%
	70.00%

	15
	0.5
	2
	15
	19
	95.00%
	107.50%

	15
	0.5
	3
	24
	19
	127.50%
	147.50%

	15
	1
	1
	5
	19
	31.25%
	33.75%

	15
	1
	2
	14
	19
	46.25%
	51.25%

	15
	1
	3
	23
	19
	62.50%
	71.25%

	15
	2
	1
	3
	19
	15.13%
	15.79%

	15
	2
	2
	13
	19
	23.68%
	26.32%

	15
	2
	3
	22
	19
	31.58%
	36.18%

	20
	0.166667
	1
	8
	25
	145.83%
	158.33%

	20
	0.166667
	2
	20
	25
	216.67%
	241.67%

	20
	0.166667
	3
	32
	25
	283.33%
	325.00%

	20
	0.5
	1
	7
	25
	60.71%
	64.29%

	20
	0.5
	2
	20
	25
	91.07%
	101.79%

	20
	0.5
	3
	32
	25
	121.43%
	139.29%

	20
	1
	1
	6
	25
	31.73%
	33.65%

	20
	1
	2
	19
	25
	48.08%
	53.85%

	20
	1
	3
	32
	25
	64.42%
	74.04%

	20
	2
	1
	5
	25
	15.50%
	16.50%

	20
	2
	2
	18
	25
	24.00%
	27.00%

	20
	2
	3
	30
	25
	32.50%
	37.00%













































































_1270016319.unknown

_1270016549.unknown

_1270017368.unknown

_1330881055.unknown

_1270016561.unknown

_1270016540.unknown

_1265677328.unknown

_1269841920.unknown

_1265677334.unknown

_1265578916.unknown

