3GPP TSG-RAN WG1 #69
R1-121987
Prague, Czech Republic, 21st-25th May 2012
Source:
Ericsson, ST-Ericsson
Title:
Multi-cell HARQ-ACK and Periodic CSI

Agenda Item:
7.2.1.2.2


Document for:
Discussion and Decision
1. Introduction

At the previous meeting, the following agreements were made

· Multi-cell HARQ-ACK and Periodic CSI Multiplexing for DL CA is supported in Rel-11
· A Rel-11 UE that supports PUCCH Format 3 can be configured for simultaneous transmission of multi-cell HARQ-ACK feedback, SR and periodic CSI report for one serving cell on PUCCH Format 3

· For a Rel-11 UE that is configured for Format 1b with channel selection, simultaneous transmission of multi-cell HARQ-ACK feedback and a periodic CSI report on PUCCH Format 2a/2b is FFS

· FFS whether separate coding or joint coding of HARQ-ACK and CSI 

This contribution discusses in more detail the transmission of CSI and HARQ-ACK (A/N) using PUCCH Format 3.
2. Encoding of CSI, A/N and SR in PUCCH Format 3

In [1]

 REF _Ref324442494 \r \h 
[2], two schemes for transmitting A/N(+SR) and CSI using PUCCH format 3 was presented. These can be summarized as

· Using joint coding of A/N, SR and CSI with a single or dual RM encoder depending on the payload size
· Using separate coding for A/N+SR and CSI always using a dual RM encoder

In [2], the pros and cons of these encoding methods were discussed. The following can be observed:

· Joint encoding is unable to provide unequal error protection and since CSI and A/N have different error requirements it means that the CSI bits will be over protected. This leads to energy waste compared to separate encoding where unequal error protection can be achieved. 
· Separate encoding can provide the full single cell CSI feedback (11 bits) but only up to 10 A/N bits whereas joint encoding can provide larger A/N payloads in case the CSI payload is smaller than 11 bits. 

· If the RI is erroneously detected, then the wrong CSI payload will be assumed at the eNB receiver. This have disastrous impact on the joint encoding, see the results in Section 3.3.

As mentioned above, separate encoding can provide better energy efficiency by adjusting the code rates for A/N and CSI to meet their corresponding targets. This can be done by introducing an even integer ( as in Figure 1, to adjust the number of output coded bits of each of the two encoders.  
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Figure 1 Separate encoding of A/N(+SR) and CSI where ( is an even integer used to adjust the code rate for the two encoders.
3. Simulation results

3.1. Requirements for target SNR
On the performance comparison between these two candidates, there has been a number of contributions showing CSI BLER and ACK/NACK BER results [1]

 REF _Ref324442494 \r \h 
[2]

 REF _Ref324445956 \r \h 
[3] where a required SNRBER/BLER has been found using the requirements 

· BLERCSI≤ 10‒2 
· BERA/N≤ 10‒3  

Unfortunately, no results presented so far has been made using the agreed RAN4 requirements for A/N where the required operating SNRRAN4 is determined based on the following performance requirements:

· 
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· Pr(NAK or DTX bits → ACK bits) ≤ 10‒3
· Pr(ACK bits → NAK bits or DTX) ≤ 10‒2
· BLERCSI ≤ 10‒2
The receiver detection threshold are set such that Freq(PUCCH DTX → ACK bits) = 10‒2. The operating SNRRAN4 is taken as the larger of those required for achieving Pr(ACK bits → NAK bits or DTX) = 10‒2 , Pr(NAK or DTX bits → ACK bits) = 10‒3 and BLERCSI = 10‒2 . Using these requirements makes has a very large impact on the results, see an example in Table 1. Hence, the required SNR when taking RAN4 requirements into account is much smaller than in those results reported earlier. The results presented in the following will use these RAN4 requirements. 

Table 1 Required SNR difference [dB] defined as SNRBER/BLER- SNRRAN4. Joint encoding, EPA channel
	[dB]
	Number of CSI bits

	
	4
	6
	8
	10
	11

	Number of A/N bits
	2
	2.34
	2.17
	1.55
	1.37
	1.09

	
	4
	1.97
	1.67
	1.43
	1.02
	0.96

	
	6
	1.68
	1.41
	1.03
	0.79
	0.71

	
	8
	1.42
	1.06
	0.81
	0.70
	0.63

	
	10
	1.08
	0.90
	0.68
	0.50
	0.42

	
	11
	0.93
	0.75
	0.60
	0.45
	0.39


3.2. Comparing joint and separate encoding 


In Table 2, the gain of separate encoding compared to joint encoding is shown when ( has been optimized for each combination of number of CSI and A/N bits respectively. The used (EPA is given in Table 3. 
Table 2 SNR gain for separate vs. joint encoding with (EPA, EPA channel
	[dB]
	Number of CSI bits

	
	4
	6
	8
	10
	11

	Number of A/N bits
	2
	-0.04
	0.24
	0.33
	0.66
	1.17

	
	4
	0.68
	1.48
	0.73
	1.63
	1.50

	
	6
	1.47
	1.28
	1.58
	1.81
	2.00

	
	8
	0.30
	1.01
	1.34
	1.51
	1.63

	
	10
	0.15
	0.73
	1.27
	1.57
	1.40

	
	11
	0.09
	0.61
	1.00
	1.13
	1.28


Table 3 Optimal ( for separate encoding in EPA channel 
	(EPA
	Number of CSI bits

	
	4
	6
	8
	10
	11

	Number of A/N bits
	2
	2
	-2
	-2
	-4
	-6

	
	4
	4
	0
	0
	-4
	-4

	
	6
	8
	4
	0
	-2
	-2

	
	8
	12
	8
	6
	4
	2

	
	10
	14
	12
	8
	6
	4

	
	11
	14
	12
	8
	8
	6


Table 4 and Table 5 gives the corresponding SNR gain and (ETU for the ETU channel.  
Table 4 SNR gain for separate vs. joint encoding with (ETU, ETU channel
	[dB]
	Number of CSI bits

	
	4
	6
	8
	10
	11

	Number of A/N bits
	2
	-0.33
	0.44
	0.13
	0.52
	1.00

	
	4
	0.52
	0.88
	0.49
	1.73
	1.39

	
	6
	1.01
	1.18
	1.66
	1.48
	1.72

	
	8
	0.45
	1.32
	0.95
	1.22
	1.08

	
	10
	0.32
	1.87
	0.99
	1.17
	1.27

	
	11
	0.45
	0.90
	0.86
	1.20
	1.42


Table 5 Optimal ( for separate encoding in ETU channel 
	(ETU
	Number of CSI bits

	
	4
	6
	8
	10
	11

	Number of A/N bits
	2
	0
	-2
	-2
	-4
	-6

	
	4
	4
	2
	0
	-4
	-4

	
	6
	8
	4
	0
	-2
	-2

	
	8
	12
	8
	4
	2
	0

	
	10
	12
	10
	6
	4
	2

	
	11
	14
	10
	6
	4
	4


We observe the following:

Observation: Separate encoding provides significant performance benefit over joint encoding. The gain extends up to 2 dB in EPA channel and 1.7 dB in ETU channel. 

Observation: The optimal ( seem rather insensitive to the channel model.

To find a table that gives a ( that performs well in various channels needs for all A/N and CSI payloads requires further study. 

3.3. Performance under wrong RI assumption

When the rank indicator (RI) is wrongly detected by the eNB, then will the CSI payload be erroneously assumed by the detector in the eNB. In this section, we investigated the impact of this event by assuming 4 A/N bits and 6 and 8 CSI bits respectively. The results are shown in Figure 2 and Figure 3 respectively where “CSI sync” means that eNB has the correct CSI payload and “CSI unsync” means that the eNB assumes the wrong CSI payload. 

Based on these results, we make the following observation:

Observation: Joint encoding fails when the CSI payload is wrongly assumed by the eNB as when RI detection is wrong. Separate encoding shows only a slight performance loss.  

A failure to detect the A/N persists until the next periodic RI report is received by the eNB, which depends on the periodic CSI feedback configuration. 


[image: image3]
Figure 2 A/N performance in the error case when UE transmits 6 CSI bits but eNB assumes 8 bits

[image: image4]
Figure 3 A/N performance in the error case when UE transmits 8 CSI bits but eNB assumes 6 bits
4. Further details

4.1. A/N bundling 

The number of HARQ-ACK bits and periodic CSI bits are determined by CA configuration, FDD/TDD configuration and transmission mode. The RM codes used in PUCCH format 3 only support up to 11 information bits where one bit is reserved for SR. For FDD, the maximum number of bits is 10, so no A/N bundling but full HARQ-ACK feedback can be used. However, for TDD, configurations with more than 10 A/N bits exist in which case some further action is needed. 

At the previous meeting, a way forward [4] on TDD A/N bundling was discussed: 


· For HARQ-ACK enhancements in Rel-11, at least the following is supported:

· For a UE configured with PUCCH format 3 for HARQ-ACK transmission, eNB can configure the UE to apply HARQ-ACK spatial bundling via UE specific higher layer signaling when the number of HARQ-ACK bits before HARQ-ACK spatial bundling is less than 21 and more than 10.

· HARQ-ACK spatial bundling is applied to all subframes and all configured serving cells

· Applicable to HARQ-ACK transmission on both PUCCH and PUSCH

We support this proposal also for the case of CSI and A/N transmitted together in PUCCH Format 3. If the number of bits after spatial bundling is larger than 10 bits, we proposed to fall back to the dual RM code design of Rel-10 and drop CSI. 

Proposal: When the number of HARQ-ACK bits is larger than 10 but less than 21, apply HARQ-ACK spatial bundling, if configured, otherwise drop CSI and fall back to the dual RM code design of Rel-10. If the number of HARQ-ACK bits after the spatial bundling is larger than 10, drop CSI and fall back to the dual RM code design of Rel-10.
4.2. Resource allocation

If the terminal already has a PUCCH format 3 resource assigned and reports multi-cell HARQ-ACK together with periodic CSI it uses the assigned PUCCH format 3 resource (i.e. resource determined by configuration together with ARI contained in PDCCH) but transmits this new format instead of PUCCH Format 3.

Even for terminals using PUCCH format 1b with channel selection, we propose to use PUCCH format 3 scheme for simultaneous transmission of multi-cell A/N feedback and single-cell periodic CSI report. This implies that terminals using PUCCH format 1b with channel selection to report stand-alone multi-cell A/N need to be configured with PUCCH format 3 resources for reporting multi-cell A/N feedback together with periodic CSI. 

Proposal: Terminals using PUCCH format 1b with channel selection can be configured a resource for reporting multi-cell A/N feedback together with periodic CSI from Pcell using PUCCH Format 3. When Scell is scheduled, the resource is determined by configuration together with ARI contained in Scell DCI message.
4.3. Transmit diversity

In RAN1#68, a working assumption regarding transmit diversity for PUCCH Format 3 was made:

· Working assumption is to not introduce an additional resource efficient TxD scheme in Rel-11. Re-evaluate situation and potentially revisit after the discussion on CSI feedback for CA and COMP concludes.
Since the likely PUCCH Format 3 payloads when combining CSI and multi-cell A/N is in the range of 8-14 bits, the coverage of the A/N is severely impacted. An example is shown in in Figure 4 where 3.2 dB losses in case of separate coding and 4.8 dB in case of joint coding are demonstrated. To recover the loss partly, transmit diversity can be used. As shown in Figure 5, the SNR gain with TxD for A/N only case is about 2 dB which translates to an additional capacity of 1-2 UEs per RB if a resource efficient TxD scheme is adopted [5]. As this could partly recover from the loss induced by CSI multiplexing with A/N, without any cost of requiring additional PUCCH Format 3 resources, we propose to change the TxD working assumption:

Proposal: Change the current working assumption and introduce a resource efficient TxD scheme for PUCCH Format 3 with periodic CSI and/or multi-cell HARQ-ACK.
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Figure 4 Performance of 4 bits A/N using Format 3 for A/N only transmission as compared to simultaneous transmission of A/N and CSI using joint or separate coding where 8 CSI bits are transmitted.  
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Figure 5 Simulation results (from [5]) in 2x2 ETU channel with normal receiver. AGI=0dB. No interference.

5. Conclusion
Based on the analysis and observations, we propose the following

Proposal 1: Adopt separate encoding of A/N+SR and CSI for PUCCH Format 3

Proposal 2: When the number of HARQ-ACK bits is larger than 10 but less than 21, apply HARQ-ACK spatial bundling, if configured, otherwise drop CSI and fall back to the dual RM code design of Rel-10. If the number of HARQ-ACK bits after the spatial bundling is larger than 10, drop CSI and fall back to the dual RM code design of Rel-10.
Proposal 3: Terminals using PUCCH format 1b with channel selection can be configured a resource for reporting multi-cell A/N feedback together with periodic CSI from Pcell using PUCCH Format 3. When Scell is scheduled, the resource is determined by configuration together with ARI contained in Scell DCI message.
Proposal 4: Change the current working assumption and introduce a resource efficient TxD scheme for PUCCH Format 3 with periodic CSI and/or multi-cell HARQ-ACK
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