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1. Introduction

In last RAN1 63bis meeting [1], it was proposed for TDD mode b (bundling mode for channel selection) in WF [2] that;

Proposal for working assumption for mode b:

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

· Check during this week

· Performance (DL throughput, PUCCH link)

· Reconfiguration handling (including Rel-8 fallback)

· Handling of positive SR
· Handling of TDD configuration 5

In this contribution, the PUCCH performances for TDD mode b are compared between R1-110539 [2] and R1-110579 [3].
2. Simulation Setup
The performance evaluation for individual A/N bits may not be appropriate to compare the bundling schemes. For example, the individual A/N bits of (A, A, N, N) intended by a UE can be bundled into <N> by logical AND operation in which a constellation point for the state indicating a bundled <N> is substantially transmitted from a UE. The bundled <N> represents (N, N, N, N) in practical. In this case, when the original A/N bits from a UE are (A, A, N, N) (ie. bundled <N>) and the detected A/N bits at an eNB are (N, N, N, N), two bit errors of ACK-to-NACK always happen in individual A/N perspective even in case that the bundled state of <N> is successfully received. This unavoidable error resulting from bundling operation could be translated to DL throughput loss in some sense.
Therefore, we define a ‘bundling unit’ for performance comparison purpose between bundling schemes. With this, a fair comparison for bundling schemes could be made. This can be easily adapted to both schemes in [2] and [3]. As for [2], the size of the first bundling unit per CC is determined according to the detected bundled A/N state to be compared for measuring error rate. The second one is determined by the number of remaining parts DL subframes. An illustration is shown in Figure 1. The main difference between two mode b schemes is the size of bundling unit is changed dynamically or static depending on the detected bundled A/N state for measuring error events. The bundled mapping tables which were used for simulation are illustrated in Annex A and Annex B with applying ‘bundling unit’.
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Figure 1 Illustration of bundling unit assuming four DL subframes per CC are scheduled
When an intention of a UE is for an eNB not to retransmit data within a bundling unit (ie. Bundled ACK) and the eNB misinterprets the bundled A/N as retransmitting data (ie. Bundled NACK/DTX), it is defined as bundled miss-ACK detection. The opposite case is defined as bundled NACK to ACK error. 
Two types for bundled D->A error rate are defined based on [4];
· DTXDEF1: 
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· DTXDEF2: 
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From now on, we drop the ‘bundled’ for convenience. That is, they are simply called the errors for A->N/D and for N->A, respectively.

It was assumed that M is equal to 4 and all DL subframes are scheduled in a bundling window. In this case, since an eNB can expect (b2, b3)=(1, 1), the eNB can consider (b0, b1) as (N, N) regardless of the practically detected (b0, b1) in case detected (b2, b3) is not (1, 1). The remaining simulation parameters are listed in Table 1.
Table 1 Simulation parameters
	Parameters
	Value

	Carrier frequency
	2GHz

	System bandwidth
	5MHz

	Channel model
	ETU, EPA

	System bandwidth
	5MHz

	Velocity
	3km/h

	Frequency hopping
	At slot boundary

	Antenna set up
	1Tx-2Rx

	Tx/Rx antenna correlation
	Uncorrelated

	CP type
	Normal CP

	Signal bandwidth
	180kHz

	Noise estimation
	Ideal

	Number of UEs
	1

	Number of PRBs for PUCCH
	1
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	Mapping table
	4 bit mapping table from R1-106503

	Number of configured DL CCs
	2

	Number of DL subframes (M)
	4

	Number of scheduled DL subframes
	4

	Receiver type
	Joint ML detector using both RS and data symbols

	Target requirements
	Pr(D(A)<=1% (or Freq(D(A)<=1%), Pr(A(N/D)<=1%, Pr(N(A)<=0.1%


3. Simulation Results
From Figure 2 to Figure 3, the simulation results are shown for PUCCH format 1b, mode a (with mapping table of R1-106503), mode b with [2], and mode b with [3]. The required SNRs to meet the requirements of Pr(D->A)<=1%, Pr(A->N/D)<=1%, and Pr(N->A)<=0.1% are shown in Table 2. From the simulation results, it is observed that the required SNR with [3] is lower than that with [2] by 0.26~0.44 dB in given scenarios.
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(a) EPA 3km/h                                                                      (b) ETU 3km/h
Figure 2 Error probability with DTXDEF1
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(a) EPA 3km/h                                                                      (b) ETU 3km/h
Figure 3 Error probability with DTXDEF2
Table 2 Required SNR [dB]
	
	PUCCH format 1b
	Mode a (with mapping table R1-106503)
	Mode b with R1-110539 [2]
	Mode b with R1-110579 [3]

	EPA 3km/h, DTXDEF1
	-6.19
	-6.71
	-6.75
	-7.19

	ETU 3km/h, DTXDEF1
	-5.51
	-6.18
	-6.21
	-6.60

	EPA 3km/h, DTXDEF2
	-6.11
	-6.58
	-6.78
	-7.20

	ETU 3km/h, DTXDEF2
	-5.47
	-5.95
	-6.17
	-6.43


4. Summary
 This contribution provides the link level simulation results for PUCCH format 1b with channel selection as mode b TDD. Our simulation results showed that the mode b with [3] has an SNR gain compared to that with [2] by amount of 0.26~0.44 dB in given scenarios. While the UL performance gap between two proposals seems to be very small, it is apparent that mode b with [2] has the benefit in DL Tput perspective. In addition, since the required SNR for mode b with [2] is lower than that for PUCCH format 1b as well as for channel selection, there is no UL coverage loss from [2] compared to Rel-8/9.
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Annex A. Bundled Mapping Table for [2]
Table 3 Bundled mapping table for [2]
	Intended bundled A/N transmission
	Mapping state
	Detected bundled A/N (Size of 1st bundling unit)
	eNB retransmission per CC
	Error count

	D, D, D, D
	D, D
	D, D, D, D
(2)
	4 subframes/CC
	D->A: 0

A->N/D: 0

N->A: 0

	
	A, N
	A, A, A, A
(2)
	0 subframes/CC
	D->A: 2
A->N/D: 0

N->A: 0

	
	N, A
	A, A, N, N
(2)
	2 subframes/CC
	D->A: 1
A->N/D: 0

N->A: 0

	
	A, A
	A, A, A, N
(3)
	1 subframes/CC
	D->A: 1
A->N/D: 0

N->A: 0

	
	N, N
	N, N, N, N
(2)
	4 subframes/CC
	D->A: 0

A->N/D: 0

N->A: 0

	A, A, A, A (state 2)
	D, D
	D, D, D, D
(2)
	4 subframes/CC
	D->A: 0

A->N/D: 2
N->A: 0

	
	A, N
	A, A, A, A
(2)
	0 subframes/CC
	D->A: 0

A->N/D: 0

N->A: 0

	
	N, A
	A, A, N, N
(2)
	2 subframes/CC
	D->A: 0

A->N/D: 1

N->A: 0

	
	A, A
	A, A, A, N
(3)
	1 subframes/CC
	D->A: 0

A->N/D: 1

N->A: 0

	
	N, N
	N, N, N, N
(2)
	4 subframes/CC
	D->A: 0

A->N/D: 2
N->A: 0

	A, A, N, N (state 1)
	D, D
	D, D, D, D
(2)
	4 subframes/CC
	D->A: 0

A->N/D: 1

N->A: 0

	
	A, N
	A, A, A, A
(2)
	0 subframes/CC
	D->A: 0

A->N/D: 0

N->A: 1

	
	N, A
	A, A, N, N
(2)
	2 subframes/CC
	D->A: 0

A->N/D: 0

N->A: 0

	
	A, A
	A, A, A, N
(2)
	1 subframes/CC
	D->A: 0

A->N/D: 0

N->A: 1

	
	N, N
	N, N, N, N
(2)
	4 subframes/CC
	D->A: 0

A->N/D: 1

N->A: 0

	A, A, A, N (state 3)
	D, D
	D, D, D, D
(3)
	4 subframes/CC
	D->A: 0

A->N/D: 1

N->A: 0

	
	A, N
	A, A, A, A
(3)
	0 subframes/CC
	D->A: 0

A->N/D: 0

N->A: 1

	
	N, A
	A, A, N, N
(2)
	2 subframes/CC
	D->A: 0

A->N/D: 1

N->A: 0

	
	A, A
	A, A, A, N
(3)
	1 subframes/CC
	D->A: 0

A->N/D: 0

N->A: 0

	
	N, N
	N, N, N, N
(3)
	4 subframes/CC
	D->A: 0

A->N/D: 1

N->A: 0

	N, N, N, N (state 0)

	D, D
	D, D, D, D
(2)
	4 subframes/CC
	D->A: 0

A->N/D: 0

N->A: 0

	
	A, N
	A, A, A, A
(2)
	0 subframes/CC
	D->A: 0

A->N/D: 0

N->A: 2

	
	N, A
	A, A, N, N
(2)
	2 subframes/CC
	D->A: 0

A->N/D: 0

N->A: 1

	
	A, A
	A, A, A, N
(3)
	1 subframes/CC
	D->A: 0

A->N/D: 0

N->A: 1

	
	N, N
	N, N, N, N
(2)
	4 subframes/CC
	D->A: 0

A->N/D: 0

N->A: 0


Annex B. Bundled Mapping Table for [3]
Table 4 Bundled mapping table for [3]
	Intended bundled A/N transmission (b0, b1)
	Mapping state at UE (b0, b1, b2, b3)
	Detected bundled A/N
	eNB retransmission for two CCs
	Error count

	D, D
	D, D, D, D
	D, D
	8 subframes
	D->A: 0

A->N/D: 0

N->A: 0

	
	N, N, N, N
	N, N
	8 subframes
	D->A: 0

A->N/D: 0

N->A: 0

	
	N, N, N, A
	N, N
	8 subframes
	D->A: 0

A->N/D: 0

N->A: 0

	
	N, N, A, N
	N, N
	8 subframes
	D->A: 0

A->N/D: 0

N->A: 0

	
	N, N, A, A
	N, N
	8 subframes
	D->A: 0

A->N/D: 0

N->A: 0

	
	N, A, N, N
	N, N
	8 subframes
	D->A: 0

A->N/D: 0

N->A: 0

	
	N, A, N, A
	N, N
	8 subframes
	D->A: 0

A->N/D: 0

N->A: 0

	
	N, A, A, N
	N, N
	8 subframes
	D->A: 0

A->N/D: 0

N->A: 0

	
	N, A, A, A
	N, A
	4 subframes
	D->A: 1

A->N/D: 0

N->A: 0

	
	A, N, N, N
	N, N
	8 subframes
	D->A: 0

A->N/D: 0

N->A: 0

	
	A, N, N, A
	N, N
	8 subframes
	D->A: 0

A->N/D: 0

N->A: 0

	
	A, N, A, N
	N, N
	8 subframes
	D->A: 0

A->N/D: 0

N->A: 0

	
	A, N, A, A
	A, N
	4 subframes
	D->A: 1

A->N/D: 0

N->A: 0

	
	A, A, N, N
	N, N
	8 subframes
	D->A: 0

A->N/D: 0

N->A: 0

	
	A, A, N, A
	N, N
	8 subframes
	D->A: 0

A->N/D: 0

N->A: 0

	
	A, A, A, N
	N, N
	8 subframes
	D->A: 0

A->N/D: 0

N->A: 0

	
	A, A, A, A
	A, A
	0 subframes
	D->A: 2

A->N/D: 0

N->A: 0

	
	D, D, D, D
	D, D
	8 subframes
	D->A: 0

A->N/D: 0

N->A: 0

	
	N, N, N, N
	N, N
	8 subframes
	D->A: 0

A->N/D: 0

N->A: 0

	
	N, N, N, A
	N, N
	8 subframes
	D->A: 0

A->N/D: 0

N->A: 0

	
	N, N, A, N
	N, N
	8 subframes
	D->A: 0

A->N/D: 0

N->A: 0

	N, N (state 0)
	N, N, A, A
	N, N
	8 subframes
	D->A: 0

A->N/D: 0

N->A: 0

	
	N, A, N, N
	N, N
	8 subframes
	D->A: 0

A->N/D: 0

N->A: 0

	
	N, A, N, A
	N, N
	8 subframes
	D->A: 0

A->N/D: 0

N->A: 0

	
	N, A, A, N
	N, N
	8 subframes
	D->A: 0

A->N/D: 0

N->A: 0

	
	N, A, A, A
	N, A
	4 subframes
	D->A: 0

A->N/D: 0

N->A: 1

	
	A, N, N, N
	N, N
	8 subframes
	D->A: 0

A->N/D: 0

N->A: 0

	
	A, N, N, A
	N, N
	8 subframes
	D->A: 0

A->N/D: 0

N->A: 0

	
	A, N, A, N
	N, N
	8 subframes
	D->A: 0

A->N/D: 0

N->A: 0

	
	A, N, A, A
	A, N
	4 subframes
	D->A: 0

A->N/D: 0

N->A: 1

	
	A, A, N, N
	N, N
	8 subframes
	D->A: 0

A->N/D: 0

N->A: 0

	
	A, A, N, A
	N, N
	8 subframes
	D->A: 0

A->N/D: 0

N->A: 0

	
	A, A, A, N
	N, N
	8 subframes
	D->A: 0

A->N/D: 0

N->A: 0

	
	A, A, A, A
	A, A
	0 subframes
	D->A: 0

A->N/D: 0

N->A: 2

	
	D, D, D, D
	D, D
	8 subframes
	D->A: 0

A->N/D: 1

N->A: 0

	
	N, N, N, N
	N, N
	8 subframes
	D->A: 0

A->N/D: 1

N->A: 0

	
	N, N, N, A
	N, N
	8 subframes
	D->A: 0

A->N/D: 1

N->A: 0

	
	N, N, A, N
	N, N
	8 subframes
	D->A: 0

A->N/D: 1

N->A: 0

	
	N, N, A, A
	N, N
	8 subframes
	D->A: 0

A->N/D: 1

N->A: 0

	
	N, A, N, N
	N, N
	8 subframes
	D->A: 0

A->N/D: 1

N->A: 0

	
	N, A, N, A
	N, N
	8 subframes
	D->A: 0

A->N/D: 1

N->A: 0

	
	N, A, A, N
	N, N
	8 subframes
	D->A: 0

A->N/D: 1

N->A: 0

	N, A (state 1)
	N, A, A, A
	N, A
	4 subframes
	D->A: 0

A->N/D: 0

N->A: 0

	
	A, N, N, N
	N, N
	8 subframes
	D->A: 0

A->N/D: 1

N->A: 0

	
	A, N, N, A
	N, N
	8 subframes
	D->A: 0

A->N/D: 1

N->A: 0

	
	A, N, A, N
	N, N
	8 subframes
	D->A: 0

A->N/D: 1

N->A: 0

	
	A, N, A, A
	A, N
	4 subframes
	D->A: 0

A->N/D: 1

N->A: 1

	
	A, A, N, N
	N, N
	8 subframes
	D->A: 0

A->N/D: 1

N->A: 0

	
	A, A, N, A
	N, N
	8 subframes
	D->A: 0

A->N/D: 1

N->A: 0

	
	A, A, A, N
	N, N
	8 subframes
	D->A: 0

A->N/D: 1

N->A: 0

	
	A, A, A, A
	A, A
	0 subframes
	D->A: 0

A->N/D: 0

N->A: 1

	
	D, D, D, D
	D, D
	8 subframes
	D->A: 0

A->N/D: 1

N->A: 0

	
	N, N, N, N
	N, N
	8 subframes
	D->A: 0

A->N/D: 1

N->A: 0

	
	N, N, N, A
	N, N
	8 subframes
	D->A: 0

A->N/D: 1

N->A: 0

	
	N, N, A, N
	N, N
	8 subframes
	D->A: 0

A->N/D: 1

N->A: 0

	
	N, N, A, A
	N, N
	8 subframes
	D->A: 0

A->N/D: 1

N->A: 0

	
	N, A, N, N
	N, N
	8 subframes
	D->A: 0

A->N/D: 1

N->A: 0

	
	N, A, N, A
	N, N
	8 subframes
	D->A: 0

A->N/D: 1

N->A: 0

	
	N, A, A, N
	N, N
	8 subframes
	D->A: 0

A->N/D: 1

N->A: 0

	
	N, A, A, A
	N, A
	4 subframes
	D->A: 0

A->N/D: 1

N->A: 1

	
	A, N, N, N
	N, N
	8 subframes
	D->A: 0

A->N/D: 1

N->A: 0

	
	A, N, N, A
	N, N
	8 subframes
	D->A: 0

A->N/D: 1

N->A: 0

	
	A, N, A, N
	N, N
	8 subframes
	D->A: 0

A->N/D: 1

N->A: 0

	A, N  (state 2)
	A, N, A, A
	A, N
	4 subframes
	D->A: 0

A->N/D: 0

N->A: 0

	
	A, A, N, N
	N, N
	8 subframes
	D->A: 0

A->N/D: 1

N->A: 0

	
	A, A, N, A
	N, N
	8 subframes
	D->A: 0

A->N/D: 1

N->A: 0

	
	A, A, A, N
	N, N
	8 subframes
	D->A: 0

A->N/D: 1

N->A: 0

	
	A, A, A, A
	A, A
	0 subframes
	D->A: 0

A->N/D: 0

N->A: 1

	
	D, D, D, D
	D, D
	8 subframes
	D->A: 0

A->N/D: 2

N->A: 0

	
	N, N, N, N
	N, N
	8 subframes
	D->A: 0

A->N/D: 2

N->A: 0

	
	N, N, N, A
	N, N
	8 subframes
	D->A: 0

A->N/D: 2

N->A: 0

	
	N, N, A, N
	N, N
	8 subframes
	D->A: 0

A->N/D: 2

N->A: 0

	
	N, N, A, A
	N, N
	8 subframes
	D->A: 0

A->N/D: 2

N->A: 0

	
	N, A, N, N
	N, N
	8 subframes
	D->A: 0

A->N/D: 2

N->A: 0

	
	N, A, N, A
	N, N
	8 subframes
	D->A: 0

A->N/D: 2

N->A: 0

	
	N, A, A, N
	N, N
	8 subframes
	D->A: 0

A->N/D: 2

N->A: 0

	
	N, A, A, A
	N, A
	4 subframes
	D->A: 0

A->N/D: 1

N->A: 0

	
	A, N, N, N
	N, N
	8 subframes
	D->A: 0

A->N/D: 2

N->A: 0

	
	A, N, N, A
	N, N
	8 subframes
	D->A: 0

A->N/D: 2

N->A: 0

	
	A, N, A, N
	N, N
	8 subframes
	D->A: 0

A->N/D: 2

N->A: 0

	
	A, N, A, A
	A, N
	4 subframes
	D->A: 0

A->N/D: 1

N->A: 0

	
	A, A, N, N
	N, N
	8 subframes
	D->A: 0

A->N/D: 2

N->A: 0

	
	A, A, N, A
	N, N
	8 subframes
	D->A: 0

A->N/D: 2

N->A: 0

	
	A, A, A, N
	N, N
	8 subframes
	D->A: 0

A->N/D: 2

N->A: 0

	A, A  (state 3)
	A, A, A, A
	A, A
	0 subframes
	D->A: 0

A->N/D: 0

N->A: 0
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