3GPP TSG RAN WG1 Meeting #62

                                   R1-104672
Madrid, Spain, 23rd - 27th August, 2010

Source:
ZTE

Title:

   ACK/NACK bundling in LTE-A
Agenda Item:
6.2.2.1
Document for:
Discussion and Decision
1. Introduction  
In Rel-8 TDD, ACK/NACK bundling was supported in power limited cases. There would be the similar case for LTE-A UE with CA capability which needs to transmit multiple ACK/NACKs in a subframe even for FDD. Therefore, how to transmit the multiple ACK/NACK in the power limited case needs to be solved. In RAN1 #61bis meeting, it has been discussed whether ACK/NACK bundling across CCs is supported for the case of power-limited UEs or not. But no agreement was achieved due to lack of time.

In this contribution, we show our views on ACK/NACK bundling and provide some bundling methods when taking the PDCCH miss detection issue into account.
2. Necessity to support ACK/NACK bundling
As already mentioned in many contributions [1]~[4], we also think A/N bundling is necessary for (UL) cell edge UEs to support DL carrier aggregation. But how to perform bundling should be further study. 
One important issue when ACK/NACK bundling applied is the PDCCH miss detection problem. In Rel-8, a DAI in the DCI is introduced to solve this problem. However, it is still under discussion whether the DAI field is needed to be introduced in LTE-A for FDD. In the next section, we will discuss the necessity to introduce DAI.
3. Necessity to introduce DAI
Whether the DAI field is introduced in the DCI has a great impact on the ACK/NACK bundling design.
When DAI is introduced, PDCCH miss detection can be done at the UE side for most cases depending on the definition of DAI. But when the DAI is not introduced, PDCCH miss detection can not be done at the UE and can only rely on the detection at the eNB. A simple way for ACK/NACK bundling when DAI is introduced is bundling across CCs for the corresponding CWs, which we call bundling#1 in this contribution. And when DAI is not introduced, the ACK/NACK bundling proposed in [4] might be another choice, in which two bits b(0)b(1) represent the number of PDSCH with ACK feedback after spatial bundling. For simplicity’s sake, we call bundling without DAI as bundling#2.
As we all know, bundling will cause throughput performance loss. In the following, we compare bundling#1 and bundling#2 in terms of the average TBs of retransmission.

Assuming the probability of PDCCH miss detection is 0.01, the target BLER for the first PDSCH transmission is 0.1. Suppose the transmission of TB in different CC and different CW is independent to each other. Table-1 illustrates the average TBs for retransmission for the two bundling ways.
Table-1 comparison of bundling#1 and #2 in terms of average TB of retransmission
	Cases 
	
	Bundling#1
	Bundling#2
	Performance loss of Bundling#2 compared to Bundling#1

	2 DL CCs, 1CW
	Pr for 2 TB retransmission
	0.206
	0.206
	

	
	average
	0.412
	0.412
	

	2DL CCs, 2CWs
	Pr for 2 TB retransmission
	0.302
	-
	

	
	Pr for 4 TB retransmission
	0.055
	0.360
	

	
	average
	0.824
	1.44
	74.8%

	3DL CCs, 1CW
	Pr for 3 TB retransmission
	0.293
	0.293
	

	
	average
	0.879
	0.879
	

	3DL CCs, 2CWs
	Pr for 2 TB retransmission
	0.383
	-
	

	
	Pr for 4 TB retransmission
	0.101
	0.484
	

	
	average
	1.755
	2.904
	65.5%

	4DL CCs, 1CW
	Pr for 4 TB retransmission
	0.370
	0.370
	

	
	average
	1.48
	1.48
	

	4DL CCs, 2CWs
	Pr for 24TB retransmission
	0.433
	-
	

	
	Pr for 8 TB retransmission
	0.153
	0.587
	

	
	average
	2.956
	4.696
	58.9%


From the preliminary numeric calculation, we observe that the performance loss of bundling#2 compared to bundling#1 is not negligible. Although the performance in terms of average TBs for retransmission in single CW transmission is the same for both bundling#1 and #2, but the ACK/NACK performance for bundling#1 and bundling#2 is different, since PUCCH format 1a would be used for bundling#1 while PUCCH format 1b would be used for bundling#2. 
Therefore, for the ACK/NACK bundling design in LTE-A, we think the performance comparison between with DAI and without DAI should be evaluated first. The numeric calculation listed in Table-1 may be a start point. Further link and system evaluation are also needed. If the performance loss due to bundling without DAI is significant, we think we should introduce DAI even in FDD for LTE-A. Since the DAI has been introduced in Rel-8 TDD, we think the performance loss of PDCCH due to DAI is not a big issue.
4. Conclusions 
In this contribution, we show our views on ACK/NACK bundling and focus on the necessity for the introduction of DAI. In conclusion, we suggest DAI should be introduced in FDD for LTE-A. The detail design of DAI and bundling method can be left for further study. 
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