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1. Introduction

Uplink control information (UCI) time division multiplexing (TDM) on PUSCH with SU-MIMO was discussed in previous meetings. It was agreed in RAN1 # 61[1] that for both single component carrier (CC) and multiple CC

· HARQ-ACK and RI will be replicated across all layers of both CWs 

· TDM multiplexed with data such that UCI symbols are time-aligned across all layers 

· FFS: How to determine the number of UCI symbols on each CW and each layer  

· CQI/PMI: transmitted only on 1 codeword (CW)
· Reuse Rel-8 multiplexing and channel interleaving mechanisms
· Extension: The input to data-control multiplexing {
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                     of length Q_m*L 

· L (1 or 2) is the number of layers the CW is mapped onto

· Enable time (RE) alignment across 2 layers for L=2

· UCI symbol-level layer mapping: same as (treated as a part of) data

· FFS: Mechanism for CW selection

In this contribution, we discuss the approaches for CW selection with UCI multiplexing of CQI/PMI considering MCS settings and HARQ process of the CWs. Furthermore, we provide methods to compute the number of UCI symbols on each layer to satisfy the desired β-offset setting. 
2. CW selection considerations for CQI/PMI multiplexing

It was agreed that CQI should be multiplexed on one CW in SU-MIMO transmission on PUSCH. Since CQI/PMI is treated the same as data after multiplexing, the CW with minimum impact after the CQI/PMI multiplexing should be selected. We propose that several aspects should be considered: system complexity, the MCS settings and the HARQ status of the CWs.

Select a CW statically or semi-statically simplifies the decoding at the receiver since it does not need to dynamically find out which CW is used to carry the UCI. On the other hand, it could cause unnecessary performance loss if the selected CW has a bad channel condition.

A higher MCS setting implies a better channel quality, thus allows higher data payload size (TBS) and higher order of modulation (Q​m). Thus, a smaller number of symbols on a layer are required to satisfy the same β-offset requirement for a control message, and the CW control/data overhead ratio is minimized. Therefore, the CW with higher MCS setting is preferred to carry CQI/PMI. If two CWs have the same MCS setting, the first CW or explicit signaling of CW selection could be used.
Since the MCS setting are controlled by the base station, the base station can modify the MCS setting and antenna port numbers to allow semi-static CW selection. For example, the base station can statically use the first CW by always set a higher or the same MCS setting on the first antenna port; when the channel condition changes, the base station can switch the antenna port number to maintain higher or same MCS setting for the first CW.

Besides the MCS setting, the HARQ process should be considered for dynamic CW selection. With HARQ, the same or a different redundancy version of a CW is transmitted if the previous transmission is not successful. Use the CW with initial transmission or a lower number of re-transmissions increases the frame error rate of the current transmission, but the CW has more chances to be recovered by HARQ process. 
On the other hand, since a previous version is already available at the receiver, it is more advantageous for the receiver to decode the CW using soft combining of the current transmission. Therefore, relinquishing resources on a HARQ retransmission CW for control multiplexing causes less impact on the data performance compared with taking resource away from a CW from an initial transmission. However, taking resources away from re-transmitted CW may cause longer delay for the re-transmitted CW if it results in an error again. Furthermore, if the last retransmission of a CW is in error, it may trigger higher layer ARQ, e.g. RLC ARQ, thus cause more overhead.

The HARQ retransmission could be non-adaptive, where the same MCS setting is used for the CW retransmission, the corresponding HARQ feedback is signaled on PHICH. The base station may also use adaptive HARQ transmission, where the new transmission parameters are given by PDCCH, e.g. the base station could allocate less resource for the retransmission than the initial CW transmission. Multiplexing UCI on an adaptive CW retransmission with reduced resource may not be desirable. 
Summary: The CW selection procedure should consider all these aspects: semi-static/dynamic, MCS setting and HARQ process. 

3. The number of UCI symbols for UCI multiplexing 
The number of CQI/PMI symbols on the selected CW follows the Rel-8 method with the agreed extension from RAN1 #61 with time alignment across multiple layers, the number of symbols on each layer has the same formula as Rel-8, i.e.
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where 
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 is the number of CQI bits, 
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 is the number of CRC bits given by 
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 shall be determined according to [4]. If rank indicator is not transmitted then 
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 is the scheduled bandwidth for PUSCH transmission in the current sub-frame for the transport block, expressed as a number of subcarriers in [2], and 
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is the number of SC-FDMA symbols per subframe for initial PUSCH transmission for the same transport block given by 
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is equal to 1 if UE is configured to send PUSCH and SRS in the same subframe for initial transmission or if the PUSCH resource allocation for initial transmission even partially overlaps with the cell specific SRS subframe and bandwidth configuration defined in Section 5.5.3 of [2]. Otherwise 
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is equal to 0.
For A/N and RI, it was agreed in the 3GPP meeting RAN1 # 61 that the UCI symbols are time-aligned across all layers [1]. The number of symbols on each layer is FFS. In Rel-8, there is only one CW one layer on PUSCH. Thus a single β-offset is sufficient to define the number of code control bits for A/N and RI. With SU-MIMO, multiple CWs and multiple layers can be used, since the UCI symbols are time-aligned across all layers, the corresponding β-offset on each layer can be different. If the same β-offset is applied on each layer, the control is over-protected. Thus, the β-offset in SU-MIMO case should be defined as the sum of the redundancy over all layers.

We propose the following to decide the number of symbols for A/N and RI on each layer.

i) Since A/N and RI are time-aligned across all layers, analogs to a rank-1 transmission. A simple way is to reuse Rel-8 method as follows, and treat all CWs all layers as an aggregated data.
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(2)
where 
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 is the number of ACK/NACK bits or rank indicator bits, C is the number of CWs,
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is the turbo code interleaver size for a CW, use the sum of 
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of all CWs in the denominator. 
Here is another way to justify the above formula. Since A/N and RI are interleaved on all layers, a β-offset value can be calculated for each layer, the sum of the β-offset on all layers should equal to the desired β-offset value. 

Let the number of CWs as C, 
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 are the interleaver size and the number of layers mapped for the jth CW respectively, where j = 0, … C-1. Thus, the total number of layers is
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symbols are mapped on each layer, the ith layer is mapped to the jth CW, the , the β-offset for layer i is given by
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The total β-offset is sum of the β-offset on all layers, i.e.
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Reversely,  given the desired β-offset value, the desired 
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To map UCI to integer number of symbols, the same result as in (2) is obtained, i.e.
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ii) The previous method distributes the β-offset proportionally across layers, with lower layer/codeword β-offset values on the layer/CW with higher MCS settings. To guarantee the control performance, a more conservative method is to calculate Q’ based on the worst layer setting. 
Let the expected β-offset on a layer as
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Ceiling into integer number of symbols and limited by the PUSCH resources, we get
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The 
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should be decided by the maximum value, i.e.
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(3)
This configuration ensures the β-offset is maintained even for the worst codeword and layer. On the other hand, it protects the A/N and RI with higher overhead compared with the method in i). 
Summary: The number of coded control bits for CQI, A/N and RI should be decided with natural extension of Rel-8 method. 
4. Conclusions

RAN1 should define the CW selection method for UCI multiplexing with SU-MIMO taking into account of system complexity, MCS setting and HARQ process. Furthermore, RAN1 should use natural extensions to Rel-8 schemes to decide the number of UCI symbols on each CW/layer. 
5. References
[1] 3GPP RAN1 #61 Final Report

[2] 3GPP TS 36.211: "E-UTRA Physical channels and modulation".

[3] 3GPP TS 36.212: "E-UTRA Multiplexing and channel coding"
[4] 3GPP TS 36.213: "E-UTRA Physical layer procedures".

PAGE  
1

_1293544227.unknown

_1337510177.unknown

_1337510675.unknown

_1337511035.unknown

_1337511238.unknown

_1337511351.unknown

_1337511345.unknown

_1337511120.unknown

_1337510862.unknown

_1337510372.unknown

_1337510668.unknown

_1337510183.unknown

_1336551896.unknown

_1336911149.unknown

_1337510169.unknown

_1337075993.unknown

_1336910810.unknown

_1336911134.unknown

_1336910799.unknown

_1297663646.unknown

_1293544349.unknown

_1282636964.unknown

_1284181262.unknown

_1288017246.unknown

_1287228270.unknown

_1282636974.unknown

_1256593332.unknown

_1273386340.unknown

_1276540454.unknown

_1273386291.unknown

_1256593178.unknown

