3GPP TSG RAN WG1 Meeting #53bis














R1-082589
Warsaw, Poland, June 30 – July 4, 2008
Agenda item:

6.1
Source:
Nokia, Nokia Siemens Networks
Title:
Multi-bits ACK/NACK signalling for LTE TDD 
Document for:

Discussion and Decision

1.


Introduction
In RAN1 #53 held in Kansas City most of the remaining open details related to A/N bundling were agreed [1]. On the contrary, details related to the multi-bits ACK/NACK signalling are still open in the specifications. This contribution presents an approach to support multi-bits ACK/NACK signalling on top of existing PUCCH Format 1b. 
2. Multi-sequence modulation
Multi-sequence modulation (MSM) is a way to increase the control payload with sequence modulation [2], [3]. Figure 1 shows three different ways to realize MSM on top of existing PUCCH Format 1a/1b:
· MSM for two resources having different (adjacent) CS under the same orthogonal cover code (denoted as “X-X”)

· MSM for two resources having the same CS but different orthogonal cover code  (denoted as “Y-Y”)

· MSM for two resources having different (adjacent) CS and different orthogonal cover code (denoted as “Z-Z”)
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Figure 1. Different options for multi-sequence modulation.

Cubic metric/PAR properties of the transmitted signal are an issue related to MSM. The scheme presented in [2] is based on the usage of adjacent CS resources (i.e., “X-X” in Figure 1). Pre-coding is used to decrease the CM and as a consequence that, the average CM increment compared to QPSK is only about 0.2 dB [2]. We note that from the CM point of view, methods “X-X” and “Z-Z” are equivalent. 
Table 1 shows the CM properties for the MSM scheme with multiple orthogonal cover code resources under the same CS (i.e., “Y-Y” in Figure 1). Results show that when using Hadamard codes (SF=4) as blocks spreading codes and two parallel resources then the CM of MSM corresponds to a single code transmission.
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      DFT             Hadamard  

 

1 2 3 1 2 3 4

BPSK      <1   <1    <1    <1    <1   up to 3  < 1

QPSK     <1  up to 3    <1    <1    <1   up to 3 up to 3

Table 1. CM for MSM with multiple resources having the same CS but different OC.
3. PUCCH formats for multi-bits ACK/NACK
Table 2 presents the PUCCH formats available to multi-bits ACK/NACK signalling. The following notes can be made related to these formats:
· Multi-bits ACK/NACK capability of PUCCH Format 1b is limited by the small payload.
· One (normal CP) or two (extended CP) orthogonal cover code resources are currently unused with PUCCH Format 1/1a/1b. PUCCH Format 1b using MSM can utilize these unused resources. 
· PUCCH Format 2 is suitable for multi-bits ACK/NACK signalling. However, multiplexing capacity with PUCCH Format 2 is an issue.
Table 2. Available PUCCH formats for multi-bits ACK/NACK
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PUCCH Format 1b MSM, two resources PUCCH Format 2

Mux. capacity  (# of UEs/RB) 18* 12* 6**

# of uncoded bits/UE 4 8 20

Max. # of A/N bits/UE 2 ~4 ~10

*) Delta_shift=2

**) every second CS used


Table 3 illustrates the proposed transmission formats for multi-bits ACK/NACK in the case when the number of schedled DL grants varies between two and four. It assumes that multi-bits ACK/NACK is realized using MSM with two PUCCH Format 1b resources. We propose that multiple ACK/NACK bits are jointly coded with N input and 8 output bits, N
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{2,3,4}. We also propose that when the number of input bits is larger than four (MIMO -- 3DL:1UL and MIMO -- 4DL:1UL) then ACK/NACK bundling over the spatial layer is applied.
Table 3. Transmission formats for multi-bits ACK/NACK using two Format 1b resources 
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grants SIMO (8,N)

2 SIMO QPSK (8,2)

2 MIMO QPSK (8,4)

3 SIMO QPSK (8,3)

3 MIMO QPSK (8,3) Bundling over spatial layer

4 SIMO QPSK (8,4)

4 MIMO QPSK (8,4) Bundling over spatial layer


It should be noted that the number of input bits, N, shown in Table 3 represents the maximum number of input bits, in the case when all the scheduled grants have successfully received by the UE. However, when using 2-bit DAI as pure counter, some of the last DL grants may have been failed. In this case UE does not have the knowledge about the failed grants. Therefore, it will send ACK/NACK/DTX based on the DAI, on the resource corresponding to the last correctly received DL grant.
ACK/NACK procedure for bundled ACK/NACK and multi-bits ACK/NACK is very similar. This is the case also with DL grant failure situation:
· UE signals the grant-specific ACK/NACK in the case all DL grants are correctly received. UE has the knowledge about the number of DL grants signalled based on the DAI included in DL grants.

· In the case all grants have failed, then UE just sends DTX (it has no reason to send ACK/NACK). eNode has capability to make a separation between DTX/ACK/NACK on PUCCH.

· In the case at least one DL grant has failed, then DTX is signalled similarly as in the case all grants have been failed.

4.
Performance of considered Multi-bits ACK/NACK scheme 

Figure 3 compares the PUCCH Format 1b using MSM and two parallel resources against multi-bits ACK/NACK using PUCCH Format 2. The results have been obtained in TU channel, v=3 km/h with realistic receiver assumptions. Results show that the performance of two schemes is almost the same. It should be noted multiplexing capacity of PUCCH Format 1b using two parallel resources is double, compared to that of PUCCH Format 2. 
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Figure 3. Performance comparison of PUCCH Format 2 and PUCCH Format 1b using MSM over two resources.
5.

PUSCH format for multi-bits ACK/NACK

Multi-bits ACK/NACK transmitted on PUSCH can be arranged in such that the number of ACK/NACK bits is based on the maximum number of DL grants: For example, in the case of 4DL:1UL (SIMO), four ACK/NACK bits are signalled, regardless of the actual number of transmitted DL grants. The benefit of this approach is that the scheme is very robust against the DL grant failure situation. 
In this case, ACK/NACK bits can be jointly coded. Similarly as in the FDD mode, there are two parameters that scale the ACK/NACK resource size on the PUSCH [4]:

· N, which is the number of ACK/NACK bits during a single UL subframe (this is based on maximum number of ACK/NACK bits)

· Offset_dB which is parameter to adjust the quality of multi-bits ACK/NACK signalling with respect to the PUSCH data part (configured by dedicated higher layer signalling)

When signalling ACK/NACK on PUSCH, an important issue that needs to be taken into account is the DTX-to-ACK problem (i.e., all the DL grants fail). As discussed in [5] this problem can be solved by means of a single DTX indicator bit included in the UL grant. This will solve the DTX-to-ACK problem in both bundled ACK/NACK and multi-bits ACK/NACK cases.  
6.
PUCCH Channelization arrangement for multi-bits ACK/NACK

We propose that support for multi-bits ACK/NACK is set to be a cell-specific parameter configured by higher layer signalling. 

· In the case when multi-bits ACK/NACK is supported, the PUCCH Format 1 channelization is made according to example shown in Figure 2a (Delta_shift=2, Delta_offset=0). PUCCH resources under OC #0 and OC #1 are used as normal implicit ACK/NACK resources whereas PUCCH resources under OC #2 and OC #3 are used as multi-bits ACK/NACK resources. Each implicit resource has a dedicated resource to be used with multi-bits ACK/NACK (i.e., “0” and “0_multiAN”). These resources are used exclusively by the UEs configured to support multi-bits ACK/NACK signalling.

· In the case when multi-bits ACK/NACK is not supported in the given cell, then PUCCH Format channelization is made according to existing channelization as shown in Figure 2b (Delta_shift=2, Delta_offset=0).

As discussed earlier, the problem related to multi-bits ACK/NACK channelization is the fact that multiplexing capacity of is reduced by 1/3 compared to existing channelization. This issue must be taken into account in the resource dimensioning. One option is to use this channelization only for PUCCH RBs reserved for dynamic A/N. In this case SRI and persistent ACK/NACK would not suffer from the decraded multiplexing capacity. It is also noted that with extended CP length the multiplexing capacity of multi-bits ACK/NACK is unchanged compared to bundled ACK/NACK approach. 

Selection between multi-bits ACK/NACK and bundled ACK/NACK signalling is made in a UE-specific way. Bundled ACK/NACK and multi-bits ACK/NACK can share the same physical implicitly signalled PUCCH Format 1a/1b resources reserved for dynamically scheduled PDSCH. 
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Figure 2. PUCCH Format 1b channelization w/  (a) and w/o  (b) support for multi-bits A/N, normal CP.
7.
Summary
In this contribution we have presented a multi-bits ACK/NACK signalling scheme to be used on top of existing PUCCH Format 1b resource. The scheme is based on multi-sequence modulation with two PUCCH Format 1b resources. 

· The multi-bits –ACK/NACK can be seen as a simple extension of the existing channelization + implicit mapping used with bundled ACK/NACK.
· Compared to Format 1b, the control payload has doubled. However, the multiplexing capacity is decreased only by 1/3 in case of normal CP (multiplexing capacity is unchanged in the case of extended CP)
· The proposed scheme can be realized with no CM increment (MSM for different orthogonal cover code resources under the same CS).
We have also presented a multi-bits ACK/NACK signalling scheme to be used on PUSCH. 
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