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1. Introduction

During RAN1#61 ~ #62 meetings, considerable progress on UCI multiplexing on PUSCH was made. In RAN1#61 meeting, it was agreed that HARQ-ACK/RI are replicated across all layers of both codewords and TDM multiplexed with data such that UCI symbols are time-aligned across all layers [1]. In RAN#61bis meeting, a baseline assumption on the determination of the number of UCI symbols based on a simple extension of Rel’8 solution was made and channel coding for HARQ-ACK/RI more than 2 information bits is decided [2]. In RAN1#62 meeting, the number of REs for UCI symbols was decided based on a simple extension of Rel’8 solution and different beta offset according to transmission rank was determined [3]. However, some related issues remain still open as it was also pointed out in RAN1#62 meeting. In this contribution, we propose some schemes for remaining open issues such as 1) replication point of ACK/NACK and RI, 2) scrambler, 3) TB selection, 4) UCI multiplexing without PUSCH data, and 5) Beta offset for multi-layer transmission.
2. Replica and Modulation of ACK/NACK and RI in 2 TB case
As we discussed in the previous meeting, there are two options of the replica point of ACK/NACK and RI as follows
· Alt 1. Replicate before channel coding and use corner constellation points
Replicate UCI before channel coding and use corner constellation points for UCI. By using this scheme, UCI time-alignment across layers is maintained and the same modulation symbols are transmitted across the layers. By using corner constellation points, UCI symbols benefit from 2.6 dB and 3.7 dB transmission power boost for 16-QAM and 64-QAM, respectively, over normally modulated symbols. Furthermore, this scheme requires less specification efforts than replicate UCI after channel coding and lower modulation order.
· Alt 2. Replicate after channel coding and use the same constellation point as data
Replicate UCI after channel coding and use the same constellation point as data. To reduce the inter-layer interference between UCI in this case, lower modulation order from the configured TB modulations is selected and used on all layers for UCI transmission. That means modulation is changed between UCI and data symbols in the same TB which requires complex implementation and lots of specification efforts.
So, based on the above observations, we proposed that

Proposal: For replica of ACK/NACK and RI 

· Replica before channel coding and use of corner constellation points is preferred.
3. Scrambler
Since transmit the same symbol on the same location on multiple layers could make unwanted beam which causes performance degradation. One of the solutions to avoid beamforming is scrambler. There can be two options of scrambler depending on how they are specified, codeword specific and layer specific. 

· Layer specific scrambler

Apply different scrambling sequence to each layer with ACK/NACK or RI. Layer specific scrambler needs maximum 4 PN sequence generators according to the scrambling sequence and initial condition.

· Codeword specific scrambler

Apply different scrambling sequence to each codeword with ACK/NACK or RI. By the property of channel interleaver and codeword-to-layer mapping of PUSCH, the output result of codeword specific scrambler at each layer acts like layer-specific scrambler. Furthermore, the number of sequence generator needed for codeword specific scrambler is less than that of layer specific scrambler, maximum 2 PN sequence generators. Therefore, codeword specific scrambler looks more efficient way of scrambling.

After decide how to specify the scrambling sequence, the remaining issue is how to differentiate the scrambling sequence for each codeword or layer. There also can be also two options for this, different initial value and different initial phase.

· Different initial value

Since we cannot apply different initial value to single sequence generator simultaneously, different initial value for each codeword or layer means different sequence generator for each codeword or layer. Therefore, UE should have 2 (in the case of codeword specific scrambling) or 4 (in the case of layer specific scrambling) additional sequence generators to allocate different initial value to each scrambler.

· Different initial phase

Applying different phase to each code or layer can be implemented by using single sequence generator and some shift registers. The scrambling performance of different initial value and different initial phase seems not different. Therefore, different initial phase is more efficient way of scrambling method in the view of hardware complexity.

So, based on the above observations, we propose

Proposal: Codeword specific scrambler with different initial phase for each codeword
4. TB Selection
In 3GPP RAN1#61bis, an agreed baseline assumption is to select a CW with either a higher MCS or a higher TBS to carry CQI/PMI. Each scheme has the following properties.
· TB with higher TBS

TB with higher TBS carries CQI/PMI. Since TBS is independent from the number of used REs for data, ping-pong effect does not occur in this scheme. But in the case of rank 3 transmission such that TB with single layer has higher MCS level, the higher TBS CW selection would puncture a larger number of CQI REs than the higher MCS CW selection method.
· TB with higher MCS

TB with higher MCS level carries CQI/PMI. Using this scheme, UE uses smaller number of REs than the larger TBS selection method to transmit CQI. But since CQI uses the REs of selected TB, the MCS level adjusted by BS can be reduced lower than that of the other TBs, so called ping-pong effect. However, the “Ping-pong” effect can be handled by eNB implementation such as reselection of MCS and/or rank and so on. Therefore, the TB selection for CQI transmission based on highest MCS seems to be a proper choice.
So, based on the above observations, we propose

Proposal: A TB with higher MCS level is selected for CQI/PMI transmission
5. UCI multiplexing without PUSCH data
In #61 meeting at Montreal, it was agreed that CQI is multiplexed on a single TB. Therefore, UCI transmission without PUSCH data using two TB may causes various problem such as backward compatibility to UCI multiplexing with PUSCH data, large specification efforts. Therefore, UCI multiplexing without PUSCH data should be transmitted using single TB. In this case, reuse Rel-8 scheme is preferred for simplicity and little specification efforts.

So, based on the above observations, we propose

Proposal: Reuse Rel-8 scheme is preferred
6. Beta offset for multi-layer transmission 
When TBS is large, the number of REs for ACK/NACK and RI is not enough to transmit whole Reed-Muller encoded codeword. In this case, rate matching acts as puncturing from end of codeword. Table 1 shows the minimum distance of punctured Reed-Muller codeword assuming corner constellation point for HARQ-ACK/RI symbols (2 encoded bits per each RE) according to information data and the number of REs.
Table 1. Minimum distance of punctured RM code according to the used REs
	
	Number of REs for HARQ-ACK/RI

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16

	Information bits
	3
	0
	2
	2
	4
	4
	5
	6
	7
	8
	8
	9
	10
	11
	13
	14
	16

	
	4
	0
	0
	1
	2
	3
	4
	5
	6
	6
	8
	8
	9
	11
	13
	14
	16

	
	5
	0
	0
	1
	2
	3
	4
	5
	6
	6
	8
	8
	9
	11
	12
	14
	16

	
	6
	0
	0
	0
	0
	0
	2
	4
	4
	6
	8
	8
	9
	10
	12
	14
	16

	
	7
	0
	0
	0
	0
	0
	2
	2
	3
	5
	6
	6
	7
	8
	9
	10
	12

	
	8
	0
	0
	0
	0
	0
	2
	2
	3
	5
	6
	6
	7
	7
	9
	10
	12

	
	9
	0
	0
	0
	0
	0
	2
	2
	3
	4
	6
	6
	6
	7
	8
	10
	12

	
	10
	0
	0
	0
	0
	0
	1
	2
	3
	4
	6
	6
	6
	7
	8
	10
	12

	
	11
	0
	0
	0
	0
	0
	0
	0
	0
	2
	4
	4
	4
	5
	7
	8
	10


As we can see in the above table, using the small number of REs for HARQ-ACK/RI makes the minimum distance of punctured codeword to 0. For a simple example, let 
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, and the TBS of CW1 and CW2 be 2,600 (
[image: image3.wmf]19

=

TBS

I

) and 1,736 (
[image: image4.wmf]14

=

TBS

I

), respectively. Then the REs for HARQ-ACK/RI is calculated as 5 REs per each layer [4]. According to the Table 1, the minimum distance for this case is 0. That means, it is impossible to decode the codeword at the receiver even in the noiseless environment. Therefore, the beta offset for multi-layer transmission should be decided considering this fact.

Proposal: Beta offsets for multi-layer transmission are decided considering minimum distance of punctured Reed-Muller code.
7. Conclusions 
In this contribution, we have suggested the some schemes for remaining issues on UCI multiplexing. The summary of our recommendations is as follows
· ACK/NACK and RI are replicated before channel coding and use corner constellation points 
· CW (or TB) specific scrambler with different initial phase for each CW (or TB) is slightly preferred.
· For CQI, TB (or CW) with higher MCS is selected for CQI transmission.
· In the case of UCI transmission without PUSCH data, reuse Rel-8 scheme.
· Beta offsets for multi-layer transmission are decided considering minimum distance of punctured Reed-Muller code.
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