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1. Introduction

At the RAN1#61bis meeting, the following agreement was reached regarding the ACK/NACK (A/N) multiplexing scheme on the PUCCH for carrier aggregation (CA).
· For Rel-10 UEs that support up to 4 A/N bits: PUCCH Format 1b with channel selection

· For Rel-10 UEs that support more than 4 A/N bits: DFT-S-OFDM 

Regarding the agreement, this contribution focuses on the PUCCH format using DFT-S-OFDM [1] and presents our views on further details. Note that the issues regarding resource assignments are discussed in our contribution related to a separate agenda item [2].
2. Explicit DTX Feedback
The one important remaining issue is the need for explicit DTX feedback. The well-known benefit of explicit DTX feedback is to achieve accurate redundancy version (RV) control for DL retransmissions when misdetection of the PDCCH for the DL assignments occurs. Furthermore, there are other notable merits such as MCS29-31 retransmissions and PDCCH power/CCE-aggregation-size control [3]. However, 1-2 additional bits are required for explicit DTX feedback according to the number of DL CCs [4]. Therefore, as discussed during the RAN1#60bis meeting, careful study is needed on this issue. We consider that there are three alternatives for the way forward.

· Alt. 1: Support explicit DTX feedback (max. 12 bits [4])
· Alt. 2: Support explicit DTX feedback only for the DL CC with one codeword (CW) transmission (max. 10 bits)
· Alt. 3: No explicit DTX feedback (max. 10 bits)
In Alt. 2, three statuses for one CW (DTX, NACK, and ACK) and four statuses for two CWs (NACK/NACK or DTX, ACK/NACK, NACK/ACK, and ACK/ACK) are switched while retaining the same number of bits (2 bits per CC) by using the A/N mapping rule as shown in Table 1. Among the alternatives, we prefer Alt. 1 if the maximum of 12 bits is allowed. Otherwise, Alt. 2 is preferred since explicit DTX feedback is more important for the cell-edge UEs that typically use a single CW as explained below.
Regarding the accurate RV control for DL retransmissions, an impact on the throughput performance is more significant since the probability of NACK for the cell-edge UEs with a single CW is higher than that of NACK/NACK for the UEs enjoying spatial multiplexing.

Regarding the PDCCH power/CCE-aggregation-size control, its scheme is an eNB implementation issue. However, outer-loop control using a DTX feedback from the UE (in addition to periodic CQI feedback) is a well-known scheme that may be widely used in Rel. 8/9 LTE networks. If the eNB cannot utilize the DTX feedback, the PDCCH power/CCE-aggregation-size control may be operated too conservatively to achieve a low PDCCH detection probability. In other words, the PDCCH power/CCE-aggregation-size will increase unnecessarily, and its influence will be significant especially for the UEs at the cell-edge with a relatively large CCE aggregation size. Therefore, explicit DTX feedback is more important to the cell-edge UEs that typically use a single CW.
Table 1 – Example of A/N Mapping Rule for Alt. 2

	
	1 CW
	2 CWs

	00
	DTX
	NACK/NACK

or DTX

	01
	NACK
	NACK/ACK

	10
	ACK
	ACK/NACK

	11
	-
	ACK/ACK


Proposal 1: For the DFT-S-OFDM format, explicit DTX signaling is supported at least for the single CW case.

3. Shortened Format

In Rel. 8/9, a shortened format for PUCCH format 1a/1b is supported for concurrent transmission of A/N and the sounding reference signal (SRS). Regarding the DFT-S-OFDM format, the following two options can be considered to support the shortened format as shown in Fig. 1 [5]. 
· Option 1: OCC length (spreading factor) reduction

· To achieve the shortened format, removal of the last SC-FDMA symbol is required. One possible scheme is to reduce the OCC length (spreading factor) in the second slot as shown in Fig. 1(a). However, in this case, the multiplexing capability of the shortened format is reduced by one compared to that for the non-shortened format.
· Option 2: RS symbol removal

· Another possible scheme is to remove one RS symbol in the second slot as shown in Fig. 1(b). In this case, the OCC length and multiplexing capability are retained. However, this scheme is not applicable in the case of an extended cyclic prefix. Furthermore, there may be an impact on the resource allocation rule for the RS symbols since the length-2 OCC on RS symbols is not available in the second slot.
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(a) OCC length reduction
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(b) RS symbol removal

Figure 1 – Examples of shortened format for DFT-S-OFDM based format

For both options, the performance will be degraded compared to that for a non-shortened format. We compare the two options from the performance viewpoint. Table 2 gives the simulation parameters based on [6]. The system bandwidth of 10 MHz is assumed for the Enhanced Pedestrian-A (EPA) channel. The terminal speed of 3 km/h at the carrier frequency of 2 GHz is assumed. The threshold for DTX detection is determined such that the probability of the PUCCH DTX being detected as ACK becomes 1%. In the evaluation, the following three requirements are considered.
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Regarding the DTX detection and A/N detection, we employ the following two methods.
· Separate DTX and A/N detection
· In this scheme, DTX detection and A/N detection are performed separately. For the DTX detection, the RS symbols are coherently combined within a slot, and non-coherently combined between slots to estimate the received power of each subframe. Comparing the received power to the threshold, which satisfies 
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, DTX detection is carried out. Once the received signal is detected as non-DTX, coherent detection is applied to the received signal using the channel estimate obtained from RS symbols to recover the A/N signals.
· Joint DTX and A/N detection [7]
· In this scheme, DTX detection and A/N detection are performed jointly. The data and RS symbols are coherently combined within a slot and non-coherently combined between slots to obtain the received power. This is done for all the codeword candidates. Then, the highest received power is compared to the threshold for DTX detection. Once non-DTX is detected, the codeword that gives the highest received power is detected as an A/N signal.
Table 2 – Simulation Parameters
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Figures 2, 3, and 4 show the link-level performances for the number N of A/N bits of 6, 8, and 10, respectively, as a function of the average received signal-to-noise power ratio (SNR). For reference, the performance for the non-shortened format is also plotted. When DTX and A/N detection are applied separately, Option 1 exhibits better performance than Option 2. In Option 2, the performance is degraded due to less accurate channel estimation compared to Option 1. However, when DTX detection and A/N detection are employed jointly, the performance difference between Options 1 and 2 is small such as less than 0.5 dB. Furthermore, in this case, each option shows the better performance compared to the case with the separate DTX and A/N detection. Therefore, we are fine with either Options 1 or 2 at this stage since it is difficult to choose one option only from the performance perspective.
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(a) Separate DTX and A/N detection                   (b) Joint DTX and A/N detection

Figure 2 – Link-level performance (N = 6 bits)
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(a) Separate DTX and A/N detection                   (b) Joint DTX and A/N detection

Figure 3 – Link-level performance (N = 8 bits)
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(a) Separate DTX and A/N detection                   (b) Joint DTX and A/N detection

Figure 4 – Link-level performance (N = 10 bits)

Proposal 2: The shortened DFT-S-OFDM format is supported by means of either OCC length reduction or RS symbol removal in the second slot.

4. Resource Allocation for RS Symbols
Regarding PUCCH format 2, orthogonal resources such as cyclic shifts (CSs) and OCCs on RS symbols are used for user separation and A/N multiplexing. Therefore, similar issues can be discussed for the new DFT-S-OFDM format.
(1) User separation
In the data symbols for the DFT-S-OFDM format, a length-5 OCC is used for user separation at least in the case of a non-shortened format. On the other hand, in the RS symbols, CSs must be used for user separation since the OCC length for RS symbols is only two (at maximum). Therefore, we propose employing an orthogonal resource allocation method for RS symbols in which CS and OCC are jointly used. Figure 5 shows an example of the proposal.
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Figure 5 – Example of orthogonal resource allocation for RS symbols in DFT-S-OFDM format.

(2) SR multiplexing

In Rel. 8/9 LTE, simultaneous transmission of A/N and SR is supported. A/N is transmitted using an SR resource as a positive SR, while it is transmitted using an A/N resource as a negative SR. This mechanism is possible due to the same PUCCH format for A/N and SR transmissions, i.e., format 1/1a/1b. However, the DFT-S-OFDM format has a different format and simultaneous transmission cannot be performed in the same way as in Rel. 8/9. Therefore, a new mechanism for the DFT-S-OFDM format is necessary to support simultaneous transmission of A/N and SR. We consider the following two multiplexing methods for simultaneous transmission [8]-[11]. 

· Method 1: Joint coding of A/N and SR
· Method 2: SR multiplexing with reference signal (RS)
In Method 1, one bit for SR is encoded jointly with A/N bits. In this method, the coding rate is reduced due to the addition of the SR bit, resulting in performance degradation to some extent. On the other hand, in Method 2, the SR bit is multiplexed with RS symbols of the DFT-S-OFDM format. In the DFT-S-OFDM format, the number of A/N resources within a RB is five while the number of resources for the RS is more than that. Hence, the unused resources on RS symbols can be used to multiplex the SR bit. Examples of resource mapping for the SR bit are shown in Figs. 6(a) and 6(b).
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         (a) Use of OCC for multiplexing             (b) Use of OCC and CS for multiplexing

Figure 6 – Examples of resource mapping for multiplexing SR with RS symbols
Proposal 3: For the RS symbols in the DFT-S-OFDM format, orthogonal resource allocation that jointly utilizes CS and OCC is applied. It may be extended if SR multiplexing with RS symbols is supported.
5. Conclusion

In this contribution, we presented the remaining issues regarding the DFT-S-OFDM format for A/N multiplexing, including the necessity for explicit DTX feedback, shortened format design, and resource allocation for RS symbols. Our proposals are given below.
Proposal 1: For the DFT-S-OFDM format, explicit DTX signaling is supported at least for the single CW case.

Proposal 2: The shortened DFT-S-OFDM format is supported by means of either OCC length reduction or RS symbol removal in the second slot.

Proposal 3: For the RS symbols in the DFT-S-OFDM format, orthogonal resource allocation that jointly utilizes CS and OCC is applied. It may be extended if SR multiplexing with RS symbols is supported.
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