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1
Introduction
In RAN1#61, the following conclusion was reached regarding the case when CQI/PMI is multiplexed with PUSCH of rank greater than 1:

· CQI/PMI is transmitted only on 1 codeword
· FFS mechanism for CW selection
In RAN1#61bis, the following agreement regarding TB choice for CQI/PMI report in case of 2-TB transmission was made:
· Baseline assumption is that TB associated with highest MCS or TBS indicated by the UL grant is selected for multiplexing CQI/PMI
· FFS whether “Ping-pong” effect is an issue and if it is an issue, how to address it

· FFS the treatment of TB choice, in case of MCS or TBS is the same for both TBs

 In this contribution, we provide our views on the remaining issues on CQI/PMI multiplexing in UL MIMO.
2
Discussion
2.1


Selection based on MCS or TBS
The intent of the agreement from RAN1#61bis on TB selection for CQI/PMI multiplexing is to choose the codeword with higher effective SNR. To implement this, we need to consider the fact that MCS itself doesn’t reflect the number of layers used in the codeword. The codeword to layer mapping cases are as follows:

· in case of rank-2 or rank-4 SU-MIMO, since two TBs are mapped onto the same number of layers; higher MCS implies higher transport block size, the two selection criteria are equivalent to each other
· in case of rank-3 SU-MIMO, one TB is mapped onto a single layer, the other TB is mapped onto two layers; in this case, higher MCS and higher TBS are not equivalent to each other anymore
· our understanding is that the transport block that has higher TBS should be selected for CQI/PMI multiplexing
From the above clarifications, it seems that the rule for TB selection can be simply unified as follows:

· TB with highest TBS is selected to multiplex CQI/PMI
The above unified rule works fine for most of cases where the two transport blocks are initiated at the same time. In the the following section, we will discuss the cases when the two TBs are out of sync.

2.2


TB Selection for Re-Transmissions
The first question is whether for PDCCH grant based retransmissions, the initial grant or the latest grant should be used as a basis for determining which TB has higher effective SNR, i.e. which TB should carry the CQI information. 

In PDCCH based, i.e. adaptive, retransmissions, the eNB has the flexibility to adjust the number of RBs allocated to the UE between transmissions, therefore the TB size may not correspond well to a nominal BLER operating point and therefore may not be used to indicate SNR. On the other hand, in the initial transmission, it is reasonable to assume that the TBS-SNR relationship corresponds to a well defined target BLER, e.g. 10%.  It is not needed to know what the exact target BLER is, only that the same target is used for different codewords (in case of no SIC). 
Therefore, we propose that the codeword selection for CQI/PMI multiplexing should follow the rule below:

· Always consider the initial grant for determining the parameters used in the codeword selection for CQI/PMI multiplexing
The unified rule given in Section 2.1 and the above principle will work fine for transmission of two transport blocks when their initial transmissions coincide. In case of re-transmission of two transport blocks, some problems can occur when their initial transmissions do not coincide. In Figure 1, we have illustrated one particular example where the TB selected for CQI/PMI multiplexing is not necessarily the one with better “channel quality” according to the rule agreed in the last RAN1 meeting. The example in Figure 1 assumes rank-2 transmission.
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Figure 1. UL SU-MIMO Re-Transmission
From Figure 1, at time t1, if CQI/PMI is to be multiplexed with PUSCH, we will perform the following:
· since TB1 has larger transport block size, CQI/PMI is multiplexed with TB1
Thus, the operation at time t1 follows the agreement since TB1 does experience better channel quality. 
At time t2/t3, when we try to multiplex CQI/PMI, according to the rule agreed in last RAN1 meeting, the following would be performed:

· since TB1 has larger TBS, CQI/PMI is multiplexing with TB1
Although TB1 has larger transport block size and larger MCS index at time t2/t3, under the assumption that the underlying communication channel does not change much across re-transmissions, TB0 is actually expected to see a better channel than TB1, since the initial transmission for TB0 at t2 uses higher MCS than the initial transmission for TB1 at t1. The only reason for the larger TBS of TB1 is simply because TB1 is doing re-transmission. The larger MCS index for TB1 is due to the fact the the transmission bandwidth is different from the initial transmission of TB1. 
Thus, the rule for TB selection agreed in previous RAN1 meeting does not capture the above scenario we have illustrated. 
In order to take into account those possible situations that can occur during re-transmissions, we have the following proposal regarding the TB selection rule for CQI/PMI multiplexing:
· 1. Follow the initial grant for the same transport block and compute the aggregate spectral efficiency (ASE) of each TB according to the initial grant for the same TB
· ASE characterizes the sum spectral efficiency over all the layers that the TB is mapped onto
· ASE for TB-x, x=0 or 1, is defined as: 
· 
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· 2. CQI/PMI is multiplexed into the transport block with higher ASE
It can be seen that, when initial transmission of both TBs coincide, higher aggregate spectral efficiency becomes equivalent to higher transport block size (TBS), which effectively falls back to the rule that was agreed in previous meetings.
2.3



Ping-Pong Issue
“Ping-pong” effect refers to the case when the introduction of UCI reverses the order of MCS among two TBs when eNB tries to adjust MCS of the TB with UCI. In order to avoid this non-desirable “ping-ping” issue, our proposed solution is as follows:
Assuming without multiplexing CQI/PMI, TB0 is with MCS Index: A, TB1 is with MCS Index: B

· TB0 and TB1 will satisfy the target BLER (e.g. 10%) at the 1st transmission

-
TB0 has size TBS_0, TB1 has size TBS_1 

-
without loss of generality, we can assume: TBS_0≥TBS_1 and this is the new transmission for both TBs 
With CQI being multiplexed, since TBS_0 ≥ TBS_1, CQI will be put on TB0 

· because TB0 will need to carry CQI, in order to maintain the same target BLER at the 1st transmission for the data packet, eNB decides to lower the MCS index for TB0 to C (C ≤ A), assume MCS index C corresponds to TB size: TBS_x 

· depending on the relationship between TBS_x and TBS_2, eNB can follow the following rules:

· If TBS_x > TBS_2 

· in the UL grant, signal MCS Index: C for TB0,  and MCS Index: B for TB1 

· in this case, eNB adjusts MCS index of TB0 due to CQI multiplexing

· UE will put CQI on TB0 because of TBS_x > TBS_1
· If TBS_x ≤ TBS_2 

· in the UL grant, signal MCS Index: A for TB0,  and MCS Index: B for TB1 

· in this case eNB does not adjust MCS index of TB0 because of CQI multiplexing
· UE will put CQI on TB0 because of TBS_0 ≥ TBS_1
With the above simple rule, UE will always put CQI on TB0, which avoids the “ping-pong” effect. Some potential impact to TB0 due to not adjusting its MCS when TBS_x ≤ TBS_2 is:
· higher BLER due to the resulting higher coding rate for TB0 

· for high throughput scenario with large BW and high MCS, this impact is expected to be minimal

Alternatively, the eNB can reduce MCS on both codewords when TBS_x becomes less than TBS_2 to prevent increase in BLER, although this solution in general may reduce link efficiency more. 
Another simple solution to avoid “ping-pong” is to multiplex CQI/PMI with TB0 always no matter whether it has higher TBS or ASE in case of re-transmission or not. Putting CQI/PMI in TB0 always will also help to reduce the amount of hypotheses to be tested at eNB when taking into account the fact that it is possible for the UE to miss some of the UL grants including the initial grants.

2.4



TB choice in case of MCS or TBS is the same for both TBs
In case that the two TBs have the same TBS or ASE, our view is simply picking TB0 for CQI/PMI multiplexing. 
3
Conclusions 

In this paper, we have provided our views on the remaining issues on CQI multiplexing with PUSCH in case of MIMO transmission and they are summarized as follows:
1. On TB selection rule: we propose to modify the agreed rule to the following one to take into account re-transmissions:

· follow the initial grant for the same transport block and compute the aggregate spectral efficiency (ASE) of each TB according to the initial grant for the same TB
· ASE characterizes the sum spectral efficiency over all the layers that the TB is mapped onto
· ASE for TB-x, x=0 or 1, is defined as: 
· 
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· CQI/PMI is multiplexed into the transport block with higher aggregate spectral efficiency (ASE)
2. On “ping-pong” issue: we have provided one simple solution in Section 2.3 to address it

3. When the two TBs have the same TBS or ASE, our view is simply picking the first TB for CQI/PMI multiplexing.  

References 

[1]
R1-104271, 
“Draft Report of 3GPP TSG WG1 #61bis,” MCC Support
[2] R1-103451
“Remaining issues of of Multiplexing Schemes of control and data in multi-layer PUSCH transmission”, Huawei

[3] R1-103550
“Further details on UCI multiplexing for SU-MIMO transmission”, Qualcomm Incorporated

[4] R1-104167
“UCI Multiplexing on PUSCH with MIMO Transmission”, ZTE

[5] R1-103675
“Further disucssion on Data and Control Multiplexing in UL MIMO Transmissions”, Samsung

[6] R1-103706
“Remaining Issues on UCI Multiplexing for UL MIMO”, Texas Instruments

[7] R1-103722
“Codeword and symbol length determination for UCI multiplexing on the PUSCH with SU-MIMO”, Sharp







PAGE  
4/4

_1347565055.unknown

_1347565056.unknown

_1343115607.vsd
TB0: NewTx
IMCS=8
TBS=1384


TB1: NewTx
IMCS=10
TBS=1736


TB0: NewTx
IMCS=12
TBS=1192


TB0: ReTx
IMCS=12
TBS=1192


TB1:ReTx
IMCS=15
TBS=1736


TB1:ReTx
IMCS=15
TBS=1736


PDCCH scheduled new Transmission
Scheduled BW: 10 RBs


PDCCH scheduled adaptive Re-Txmn of TB1
Scheduled BW: 6 RBs


PHICH triggered non-adaptive Re-Txmn
Scheduled BW: 6 RBs


t1


t2


t3



