
3GPP TSG RAN WG1 Meeting #62bis                                                               R1-105170
Xi’an, China, 11th - 15th October, 2010
Source:                     CATT
Title:
Further details on UCI transmission in PUSCH 
Agenda Item:            6.4.2
Document for:          Discussion and Decision
1. Introduction
The details on UCI transmission in PUSCH were discussed in RAN1 #62 meeting, and the following agreements were reached:
Agreement:

· Adopt two RRC-configured PUSCH beta offset values, one for single-CW transmission, the other for multi-CW transmission.
· Per-CW beta offset value is not supported for multi-CW transmission

· Each RRC-configured beta parameter is set to a single numerical value
· Adopt the baseline assumption for HARQ-ACK/RI resource size and  CQI/PMI resource size

· Modification to the data spectral efficiency to account for large UCI payload is not supported

Remaining issues:
· Decide on CW Selection according to higher MCS or TBS, and CW selection if the same MCS or TBS 
· In the case of rank>1 PUSCH transmission: 

· Choose one of the following schemes:
· Option A) Replicate before channel coding

· Option B) Replicate after channel coding 

· Option C) Combination of replication and Alamouti mapping  as shown in R1-104697
· Evaluate between

· Combined use of layer (or transport block) specific scrambler and/or corner constellation point of modulation symbols 

· Use all constellation points of the associated PUSCH modulation size( QPSK, 16QAM and 64QAM)

· Final decision should be made considering the following points

· Performance of  {2, 4, 6 and 10} bits HARQ-ACK and RI 

· Higher payload may be considered, depending on CA session TDD discussion

· Commonality with Rel-8
In this contribution, we further discuss the details of the remaining issues and provide some proposals.
2. CW for CQI transmission
It was agreed that the transport block with highest MCS/TBS was the baseline for CQI transmission. However, if the MCS of the transport block with CQI bits is adjusted by BS, the transport block without CQI bits may be transmitted with higher MCS, and then UE will not be able to decode UCI correctly, which is so-called ‘Ping-Pong’ effect. Two solutions can be considered for this issue:
Alt1: BS should always make sure that the transport block with higher MCS will take CQI bits.
Alt2: The transport block taking CQI will always be mapped to the first CW via Transport block and CW mapping flag bit
For Alt1, the MCS adjustment by BS should not reverse the order of MCS between two TBs. In this case, the TB with CQI may suffer from higher coding rate than its original coding rate for data, which may slightly increase the error decoding probability. For Alt2, specific mapping rule should be defined between TB and CW, and additional standardization effort is needed. Alt2 can also be a good solution to make sure the fixed CW for CQI transmission in case of the same TBS/MCS in two TBs.

Proposal 1: The “Ping-pong” effect can be avoided via some restriction on MCS adjustment or Transport-block- and-CW-mapping.
Proposal 2: In case of the same MCS/TBS in two TBs, the first CW is selected for CQI transmission via Transport-block- and-CW-mapping bit.
3. ACK/RI transmission in multiple CWs/layers
In case of multiple CWs and multiple layers transmission, ACK/RI will be replicated in all the layers of all CWs. Nevertheless, when and how to replicate and modulate the UCI to be multiplexed with data are still open, which are also associated with the channel coding, interleaving and scrambling processes. In this section, we will discuss different schemes for ACK/RI transmission in multiple CWs/multiple layers.
3.1. Replication scheme of ACK/RI
Three replication schemes were discussed in the last meeting and no decision was made yet. We analyze the pros and cons of these schemes in the following table.
Table 1. Pros and Cons of different schemes
	Schemes
	Pros
	Cons

	Option A
	· The channel coding process in R8 can be fully reused for each replicated CW/layer.
· Less specification effort
	· Higher computational complexity due to independent channel coding for each CW/layer

	Option B
	· Lower computational complexity due to the same channel coding for all CWs/layers
	· Additional specification effort is needed for channel coding and replication process for case that different modulation types are used in different CWs.

	Option C
	· Lower computational complexity due to the same channel coding and scrambling for all layers in one CW
	· Additional specification effort is needed with common scrambling in all layers.
· Performance loss


It is shown in Table 1 that the backward compatibility and computational complexity are the primary issues should be considered before making decision.  For a better tradeoff between these two features, the following scheme can be considered with some modification on Option A.
As shown in figure 1, the per-CW-coding scheme includes the following steps:

1) Replicate the ACK/RI bits to M groups, where M is the number of transmission CWs.

2) For each group for one CW, channel coding similar to that in R8 is reused to obtain 
[image: image1.wmf]m

ACK

Q

Q

Q

*

=

'

output bits, where 
[image: image2.wmf]m

Q

 is the modulation type in that CW. In case that the number of ACK/RI bits is larger than 2 and smaller than 11, the modulation schemes for channel coding process will be discussed in the next section.
3) For coding output for each CW, the bits are then replicated according to the number of layers the codeword is mapped to (
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). In the replication process, two methods can be considered:

a) The output bits are repeated by every 
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(Assuming that 
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b) The whole sequence of control output bits is repeated directly:
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Independent of modulation type, method b) is relatively simpler. Furthermore, as the layers from one CW are decoded simultaneously, though different encoded UCI bits may be allocated to different layers in the CW by method b), there will not be any performance loss with rank-N receiver.

In addition, the 
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output bits for CW i can also be directly generated from channel coding process without replication process for layers.

4) The final output bits for one CW are multiplexed with data and CQI bits via channel interleaver. As more ACK/RI bits (
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) are input to the interleaver, the interleaving mechanism in R8 should be extended according to the number of layers in the CW.
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Figure 1 Illustration of per-CW-coding scheme for ACK/RI transmission (Four layers are assumed)
As the channel coding process in R8 can be reused, compared to other schemes [1][2], this scheme introduces only little standardization complexity and computational complexity. Though the additional replication and extended channel interleaving should be introduced if one CW is mapped to multi-layer, we don’t think it is a problem for UL specification. 
Proposal 3: The encoded ACK/RI bits allocated to different layers are not needed to be the same.

Proposal 4: The proposed scheme, which can provide a good tradeoff between computational complexity and standardization complexity, should be considered for ACK/RI transmission.

3.2. Modulation scheme of ACK/RI
In the last meeting, two modulation schemes for channel coding of ACK/RI were discussed in many contributions:

Alt1: Use corner constellation point of modulation symbols (resembling QPSK)
Alt2: Use all constellation points of the associated PUSCH modulation size (QPSK, 16QAM and 64QAM)

For Alt1, placeholder bits are needed for different modulation types as shown in Table2 [3]. 
Table 2. Insertion of placeholder bits at the output of the RM encoder with Alt1
	Qm
	Channel coding output after insertion of placeholder
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For Alt2, the RM encoder and circular repetition used for channel coding of HARQ-ACK and CQI in R8 are reused to obtain 
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where i = 0, 1, 2, …, QACK-1 and Mi,n are the basis sequences of RM encoder.
The transmission veracity of ACK/RI can be improved by Alt1 with relatively lower modulation order especially when higher order modulation is used for data transmission in PUSCH. From the specification perspective, Alt2 is simpler with the same channel coding scheme as in R8. Therefore, we prefer Alt2 unless there is significant gain with Alt1 compared to the R8 mechanism in different scenarios (e.g. different modulation type of data, different ACK/RI bits…).
Proposal 5: The same modulation size as PUSCH transmission is used for ACK/RI unless there is significant gain by using corner constellation point of modulation symbols.
4. Conclusions
In this contribution, we analyze the remaining issues on UCI transmission in PUSCH, with the following proposals:
· Proposal 1: The “Ping-pong” effect can be avoided via some restriction on MCS adjustment or Transport-block- and-CW-mapping.

· Proposal 2: In case of the same MCS/TBS in two TBs, the first CW can be selected for CQI transmission via Transport-block- and-CW-mapping bit.
· Proposal 3: The encoded ACK/RI bits allocated to different layers are not needed to be the same.
· Proposal 4: The proposed scheme should be considered for ACK/RI transmission in PUSCH, in which the ACK/RI bits are replicated before channel coding for multiple CWs and after channel coding for multiple layers in one CW.
· Proposal 5: The same modulation size as PUSCH transmission is used for ACK/RI unless there is significant gain by using corner constellation point of modulation symbols.
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