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1. Introduction

For the design of PUCCH format 1b with channel selection mode b, the following was discussed in RAN1-63bis:
Proposal for working assumption for mode b:

· Adopt A/N scheme from R1-110519, with modification for M=4 from R1-110389, and mapping table from R1-106503.

· Check during this week:

· downlink throughput performance and PUCCH link performance

· reconfiguration handling (including Rel-8 fallback)

· handling of positive SR

· handling of TDD configuration 5

· All companies are encouraged to investigate the above 4 points during this week. 

Revisit on Friday to see if working assumption can be reached.
In this contribution, we further discuss several aspects of PUCCH format 1b with channel selection, mainly focusing on downlink throughput and PUCCH link performance.
2. DL throughput
In [1], the DL throughputs of the following case is evaluated:
· Case 3 [1]: ACK/NAK bundling across four subframes, SIMO, 2 ACK/NAK bits
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Figure 1: ACK/NAK bundling across four subframes, SIMO
Case 3 in [1] represents ACK/NAK full bundling per CC [2], wherein the eNB shall retransmit all scheduled PDSCH in the bundling window, if the UE does not receive all scheduled PDSCH correctly.
Table 1 shows the mapping table for M = 4 in [4]. Following the mapping table, Table 2 – 5 shows the mapped ACK/NAK states for scheduling PDSCH in X of the 4 subframes, where 1≤x≤4. In Tables 2 – 5, the corresponding eNB retransmission behavior is also listed. It is noted that when the eNB receives an overlapping states, the eNB shall be conservative and retransmit all or most the scheduled PDSCH. Otherwise, NAK-to-ACK error shall occur. Tables 2 – 5 indicate that according to the mapping table in [4], the eNB retransmission behavior is the same as per CC ACK/NAK full bundling [2], except the highlighted rows. 
Table 1: Mapping table in [1]
	For multiple (
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	Mapped states

[HARQ-ACK(0), HARQ-ACK(1) for the 1st Cell / HARQ-ACK(2), HARQ-ACK(3) for the 2nd Cell]

	‘D, any, any, any’
or no DL assignment is received.
	D, D

	‘A, D, D, D’
	A, N

	‘A, A, N/D, any’
	N, A

	‘A, A, A, N/D’
	A, A

	‘A, A, A, A’
	A, N

	‘N, any, any, any’
or ‘A, D/N, any, any except for A, D, D, D’
	N, N


Table 2: Schedule 1 out 4 subframes

	ACK/NAK of scheduled subframes
	Mapped states
	eNB retransmission

	A
	A, N
	Does not retransmit

	N
	N, N
	Retransmit


Table 3: Schedule 2 out of 4 subframes

	ACK/NAK of scheduled subframes
	Mapped states
	eNB retransmission

	A, A
	N, A
	Does not retransmit

	A, N
	N, N
	Retransmit all subframes

	N, A
	N, N
	Retransmit all subframes

	N, N
	N, N
	Retransmit all subframes


Table 4: Schedule 3 out of 4 subframes

	ACK/NAK of scheduled subframes
	Mapped states
	eNB retransmission

	A, A, A
	A, A
	Does not retransmit

	A, A, N
	N, A
	Retransmit the third subframe

	A, N, A
	N, N
	Retransmit all subframes

	A, N, N
	N, N
	Retransmit all subframes

	N, A, A
	N, N
	Retransmit all subframes

	N, A, N
	N, N
	Retransmit all subframes

	N, N, A
	N, N
	Retransmit all subframes

	N, N, N
	N, N
	Retransmit all subframes


Table 5: Schedule 4 out of 4 subframes

	ACK/NAK of scheduled subframes
	Mapped states
	eNB retransmission

	A, A, A, A
	A, N
	Does not retransmit

	A, A, A, N
	A, A
	Retransmit the fourth subframe

	A, A, N, A
	N, A
	Retransmit the third and fourth subframes

	A, A, N, N
	N, A
	Retransmit the third and fourth subframes

	A, N, A, A
	N, N
	Retransmit all subframes

	A, N, A, N
	N, N
	Retransmit all subframes

	A, N, N, A
	N, N
	Retransmit all subframes

	A, N, N, N
	N, N
	Retransmit all subframes

	N, A, A, A
	N, N
	Retransmit all subframes

	N, A, A, N
	N, N
	Retransmit all subframes

	N, A, N, A
	N, N
	Retransmit all subframes

	N, A, N, N
	N, N
	Retransmit all subframes

	N, N, A, A
	N, N
	Retransmit all subframes

	N, N, A, N
	N, N
	Retransmit all subframes

	N, N, N, A
	N, N
	Retransmit all subframes

	N, N, N, N
	N, N
	Retransmit all subframes


Table 6 shows the DL throughput comparison of per CC ACK/NAK bundling (i.e. Case 3 in [1]), and the proposal in [3] with the mapping table in Table 1. The system simulation assumptions are included in Appendix I, which is the same as in [1].
Table 6: DL throughput comparison

	
	Average SE
	5% cell edge SE

	
	Absolute value
(bits/s/Hz)
	Gain compared to Per CC bundling
	Absolute value
(bits/s/Hz)
	Gain compared to Per CC bundling

	Per CC ACK/NAK bundling [1][2]
	1.914 
	0%
	0.122 
	0%

	Proposal in [3] with mapping table in [4]
	1.936 
	1.1%
	0.127
	4.1%


It is observed that the average spectrum efficiency of the proposal in [3] with mapping table in [4] is 1% better than the scheme in [1].
3. PUCCH link performance
Table 7 shows the mapping table in R1-106503. Figure 2 from [5] shows the ACK missing, DTX-to-ACK, and NAK-to-ACK error with the mapping table in Table 7. It is noted that NAK is mapped to no-transmission (DTX) in Table 7. Hence, the DTX-to-ACK threshold shall be set to 0.1%. The link level simulation assumptions are included in Appendix II, which is the same as in [5].
Table 7: Mapping table for PUCCH format 1b with channel selection in R1-106503
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Figure 2: mapping table in R1-106503                                      Figure 3: PUCCH format 1b
For the per CC full bundling scheme in [2], one bundling ACK/NAK bit is generated for each of the aggregated two Cells, i.e. (b0, b1). The assistant bit (b2, b3) in [2] can be used to select one of the ACK/NAK channels and UE can transmit (b0, b1) on the selected channel. It is noted that (b2, b3) in [2] indicate the number of subframes within which dynamic PDCCH requiring ACK/NAK feedback is received. Since eNB knows its own scheduling decision, the eNB can perform ACK/NAK detection only on one of the channels, where the eNB expects the UE to use. In case the UE misses PDCCH and selects another channel, the eNB shall detect DTX on the channel which the eNB expects the UE to use. In other words, the PUCCH performance of the proposal in [2] is equivalent to PUCCH format 1b. It is noted that DTX-to-ACK is set to 1% since the eNB can perform DTX detection. Figure 3 shows the performance of PUCCH format 1b.
It is noted that the required SNR for PUCCH format 1b is 0.6 dB better than channel selection with the mapping table in Table 7. The main purpose of supporting ACK/NAK partial bundling is to allow more UEs configured in DL carrier aggregation. Hence, the better the PUCCH performance is, the more UEs in the system can be configured with carrier aggregation in DL.

It shall also be noted that the evaluation of the channel selection with the mapping table in Table 7 assumes each individual bit is an ACK/NAK bit. With the proposal in [3][4], each transmitted bit does not represent a single ACK/NAK bit. Since the ACK/NAK performance is tested by 1% DTX-to-ACK, 1% ACK missing, and 0.1% NAK-to-ACK error requirement, it remains unclear what is the PUCCH performance with the proposal in [3] [4].
4. Conclusions

In this contribution, we further compare the scheme in [3][4] and in [1]. It is observed that the average DL spectrum efficiency of the scheme in [3][4] is marginally better than the scheme in [1]. On the other hand, the UL performance of the scheme in [3][4] remains unclear.
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6. Appendix I: System simulation assumptions
	Parameter
	Assumption

	Channel model
	ITU UMi

	eNB antenna configuration
	8 cross-polarized Tx antennas 
Columns with ± 45° linearly polarized antennas
Columns separated 0.5  wavelengths

	UE antenna configuration
	2 ULA Rx antennas with 0.5 wavelengths separation at UE

	Subframe configuration
	TDD UL-DL configuration 2

	Number of UEs per cell
	10

	Traffic model
	Full Buffer

	Scheduler algorithm
	Proportional fairness
Per subframe scheduling

Independent scheduling per CC

	CC Configuration
	2 continuous component carriers of 10MHz each

	Transmission scheme
	SVD based beamforming, port7 (SIMO)

	Link adaptation scheme
	Inner loop control based on CSI enabled

Outer loop control based on ACK/NAK enabled

	HARQ scheme
	Chase combining

	Feedback configuration
	Perfect feedback with SRS
SRS periodicity 5 ms, SRS latency 5 ms


7. Appendix I: Link simulation assumptions
	Parameters
	Value

	carrier frequency
	2.0 GHz

	System bandwidth
	5 MHz

	channel model
	ETU 3km/h

	frequency hopping
	at slot boundary

	antenna setup
	1 Tx, 2 Rx

	RX antenna correlation
	uncorrelated

	channel estimation
	practical

	CP type
	normal CP

	signal bandwidth
	180 kHz

	RX false alarm detection threshold
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	Noise estimation
	Ideal

	Number of UEs
	1

	Number of PRBs for PUCCH
	1
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