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1. Introduction

In the RAN1 #61 meeting, the UCI (uplink control information), especially HARQ-ACK and RI, transmission on PUSCH with SU-MIMO was discussed, and the following conclusion was reached [1]:

 SHAPE  \* MERGEFORMAT 



The above agreement may allow eNBs to use a rank 1 receiver for HARQ-ACK and RI irrespective of the transmission rank of UL-SCH. UCI transmission with rank 1 would be beneficial in terms of performance and latency because inter-stream interference canceller by SIC is not necessary as discussed in [2]. However, the simple wording of “Replica” has multiple meanings. As a result, it hinders the ability to settle on a design for the optimum transmit scheme and related receiver strategy.
In this contribution, we consider the question which type of receiver should be assumed because the design should be optimized the realistic implementation. In addition, we show our simulation result for HARQ-ACK on PUSCH with SU-MIMO depending on the receiver type for our further study, aiming the reliability investigation to achieve the desired robustness.
2. Discussion on the Possible options for HARQ-ACK and RI Transmission
2.1. Receiver options for HARQ-ACK and RI equalization

In the RAN1 #61 meeting, it was agreed that HARQ-ACK and RI are replicated across all layers of both CWs. Based on this agreement, the following two receiver strategies can be applied:

Option 1) Rank 1 equalization
· equalize the received signal by MMSE as a rank 1 signal

· combined channel information for rank 1 is obtained by the summation of estimated channel for each Tx antenna (port) by DMRS

· then detect the transmitted UCI sequence from one-layer sequence
Option 2) Rank N (N> 1) equalization (i.e. same as the rank of UL-SCH)

· equalize the received signal by MMSE as a rank N signal

· channel information can be obtained directly from DMRS (same as UL-SCH)

· then detect the transmitted UCI sequence from N-layer sequence

Although option 1 has some potential drawbacks such as complexity to have two different receivers, option 1 also has the clear benefit that SIC is not necessary to cancel the inter-stream interference. Although the exact receiver design should basically be left as implementation matter, it would depend on the exact replication scheme as discussed in the next clause.
2.2. Options for Replication of HARQ-ACK and RI

Whereas the agreements in the RAN1 #61 meeting, the exact meaning of “Replica” is still unclear and should be clarified. The following three candidates can be considered as an interpretation of agreed “Replica”:
Option A) Replicate before Channel Coding (i.e. uncoded bits are replicated)
Option B) Replicate after Channel Coding (i.e. coded bits are replicated) [2]
Option C) Replicate after Scrambling (i.e. Scrambled UCI symbols are replicated)
Figure 1 shows an example block diagram of Option A as an example. Note also that we assume the scrambler for each CW uses different scrambling sequences, similar to Rel-8 DL. The difference between option 1 and 2 appears only when the number of HARQ-ACK bit is greater than 3 (i.e. TDD ACK/NACK multiplexing) and the coding scheme for each CW is not the same, because 32-bit RM (Reed-Muller) plus repetition without placeholder is used as a coding scheme. 
Both options (A and B) can be classified into the same technique in the sense that they implicitly imposes to use option 2 type (Rank N) receiver. This is because the different scrambler (i.e. phase rotation) is used for each UCI symbol and the equalization by different channel matrix per UCI symbol is required for rank 1 equalizer. This property will diminish the benefit of one-tap equalization in frequency domain. On the other hand, option 3 can keep the freedom of receiver implementation (i.e. option 1 or 2) because the phase rotation is common for all UCI symbols. 
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Figure 1. Block Diagram for SU-MIMO UL Transmission (Option A)
2.3. An Issue Related to Replication Method and Receiver Type

One possible issue common for both receiver (Option 1 and 2) is the utilized precoder in the case of coexistence of different rank transmission, because UL MIMO codebook doesn’t employ the nested property as in DL codebook in Rel-8. For example, in the case that a 2 Tx antenna configuration is used and HARQ-ACK is transmitted on PUSCH with rank 2 SU-MIMO, UL-SCH is transmitted with identity matrix precoder. Therefore, the channel dependent precoder cannot be applied if the replicated HARQ-ACK symbol is transmitted via two layers. As a result, the performance might be degraded when the null steeling by the fixed precoder have happened.
Therefore, we can conclude here that the use of fixed precoder should be avoided to achieve the robust system design, thus a beam randomization (i.e. precoder randomization) technique such as PVS should be employed. Fortunately, layer specific scrambling by option A or B can satisfy this requirement because scrambler is equivalent to precoder randomization. However in the case of option C, another precoder randomization technique would be necessary. 
Our observation in this section can be summarized as following:

Observation:

· Two types of receiver strategy can be considered.
· Option 1: Rank 1 equalizer

· Option 2: Rank N equalizer (same as UL-SCH) 

· Precoder randomization technique such as PVS would be required to achieve sufficient robustness.
· for Option 2 receiver, layer specific scrambler would satisfy this requirement

· for Option 1 receiver, other technique is necessary
· The receiver type (Option 1 or 2) should be implementation matter. However, the precoder randomization technique may impose to choose one from the receiver options
· It is necessary to clarify the receiver assumption (either Option 1or 2, or both of them) because it has a specification impact on precoder randomization scheme

3. Preliminary Simulation Results

In this section, we show our preliminary simulation results to check which receiver option can achieve good performance. In this simulation, it is assumed that 2-bit of HARQ-ACK are transmitted on PUSCH with rank 2, via 2x2 antenna configuration. Note that the number of UCI symbols is determined from the MCS of first CW with the same manner as Rel-8. In figure 2, PUSCH throughput performance and BER of HARQ-ACK with following 2 options are shown:
· Option 2 + Option A (labeled “rank 2 receiver” in Figure 2) 

· HAQK-ACK is equalized as rank 2 signal

· layer specific scrambling is applied
· Option 1 + Option C (labeled “rank 1 receiver” in Figure 2)
· HAQK-ACK is equalized as rank 1 signal, with combined channel information by received DMRS

· SC-FDMA symbol specific precoder (PVS) is applied
· common scrambling for all layers is applied
Other assumptions are shown in Table 1 in Annex. From Figure 2-(a), it can be found that the link adaptation for both options work well. From Figure 2-(b), it was demonstrated that rank 1 receiver causes the significant performance degradation compared to rank 2 receiver, as the received SINR increases. This is because MMSE equalizer can’t suppress ISI (Inter Symbol Interference) from TDMed rank 2 UL-SCH symbols. Note that the degradation by ISI is much smaller when the rank for UL-SCH is 1. And the ratio of data to UCI increases as received SINR increases (i.e. MCS for UL-SCH goes up). In addition, the gain by precoder randomization cannot be attained when the utilized number of UCI symbol is small. This can be considered as the reason of performance degradation in the case of higher received SINR region and this analysis can be justified the simulation results for EPA channel model case shown in Figure 4 in Annex. 
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	(a) Throughput performance for UL-SCH
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Figure 2. BER performance of 2 bit ACK/NACK on PUSCH with rank 2 SU-MIMO
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Figure 3. Possible interference for HARQ-ACK transmission
From these results, we can find that the degradation by inter-symbol interference for rank 1 receiver is much more severe than that of inter-stream interference for rank N receiver (Figure 3). Recalling the original intention to introduce rank 1 mechanism for HARQ-ACK and RI, it is absurd to consider introducing an ISI canceller despite the potential reliability of rank 1 transmission. 

Whereas we can confirm the performance degradation of rank 1 receiver, it is also demonstrated that rank 1 receiver is robust for the error situation such as channel estimation error. In other word, the performance for rank 1 receiver seems to be stable despite of the degradation for rank 2 receiver with realistic channel estimation. In our conclusion, rank 2 receiver should be assumed as our common understanding because it can achieve higher reliability. However more simulations under the realistic assumption should be carefully evaluated whether rank 2 receiver outperforms in any situations. Our observation can be summarized as following:
Observation:

· Option 2 receiver (i.e. rank N equalizer) with layer specific scrambling outperforms Option 1(i.e. rank 1 equalizer) with PVS due to severe inter-symbol interference.
· The receiver assumption should be studied carefully.
4. Conclusion

In this contribution, we discussed the interpretation of “Replica” agreed in RAN1 #61 meeting. And we brought up a question which type of receiver should be assumed because the optimum design of replication scheme highly depends on the receiver assumption. More strictly, the precoder randomization technique would be necessary, however, it isn’t be able to determine depend on the receiver type, rank 1 equalizer or rank N equalizer (i.e. same as the rank of UL-SCH). 

In addition, we presented our simulation result for HARQ-ACK on PUSCH with SU-MIMO depending on the receiver type, and demonstrated that the receiver with rank N can achieve better reliability in terms of BER performance. 

From these discussions, we propose that RAN 1 should:

· determine the assumptions for the receiver of HARQ-ACK and RI

· rank 1 equalizer, or

· rank N equalizer, same as the rank of UL-SCH

· agree to employ precoder randomization technique

· exact scheme is FFS, depending on the receiver assumption
· study more which receiver can be the assumption, and then determine the exact scheme for replication
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6. Annex

6.1. Simulation Assumptions

Table 1: Simulation Assumptions

	Parameter
	Explanation/Assumption

	Bandwidth
	10 MHz

	Carrier Frequency
	2.0 GHz

	Antennas Configuration
	Tx: 2, Rx: 2

	Channel Model
	(1)SCM urban macro (shown in Figure 2)
· UE mobility: 3kmph
· antenna configuration at eNB: cross polarized
· antenna correlation at UE: cross polarized
(2) EPA uncorrelated (shown in Figure 4 in Annex)
· UE mobility: 3kmph

	Resource assignment for UE
	4 RBs

	Receiver Type
	Linear MMSE

	Bit Detection Scheme for HARQ-ACK
	1 tap ML

	Rank adaptation
	Rank 2 fixed

	Link adaptation
	On, Target BLER for UL-SCH = 10-1

	Sampling Frequency
	32.55 ns

	FFT size
	2048

	Number of Occupied Subcarriers
	552 subcarriers (46RBs) for PUSCH

	Channel Estimation for demodulation and sounding
	Ideal / Realistic

	Scheduling Delay from SRS to PUSCH Transmission:
	8 ms

	Cyclic Prefix Type
	Normal CP

	HARQ scheme for UL-SCH
	Incremental Redundancy in TS 36.212
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Nlayer : number of layers for 1st CW
Kr : code-block size for 1st CW

	Maximum Retransmission number
	4


6.2. Simulation Results for EPA channel model
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	(a) Throughput performance for UL-SCH
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Figure 4. BER performance of 2 bit ACK/NACK on PUSCH with rank 2 SU-MIMO (EPA)























































































































































































































































Take the following as agreement for both single CC and multi CC:


HARQ-ACK and RI:


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  




































































































































































2

_1336220041.vsd
Transport block CRC attachment


TB #1


CB segmentation
CB CRC attachment


Channel Coding


Rate Matching


CB concatenation


Data & Control MUX


Channel Interleaver


Transport block CRC attachment


TB #2


CB segmentation
CB CRC attachment


Channel Coding


Rate Matching


CB concatenation


Data & Control MUX


Channel Interleaver


HARQ-ACK


Channel Coding


Scrambling


Scrambling


HARQ-ACK


Channel Coding


ΣKr for TB# X
(TBD for TB X selection)


Modulation


Layer Mapping


Modulation


Precoding


Layer specific scrambling



_1337088925.vsd
テキスト�

�

A/N


TB #0


1 SC-FDMA Symbol


Layer 0


Layer 1


TB #1



_1337754472.unknown

_1333893439.unknown

