3GPP TSG RAN WG1 Meeting #80bis                                            R1-152055
Belgrade, Serbia, April 20 – 24, 2015
Source:
NTT DOCOMO
Title:
Views on PUCCH for Rel-13 low complexity MTC
Agenda Item:
7.2.1.4
Document for: 
Discussion and Decision
1. Introduction

There are three aspects to be considered for the Rel-13 low complexity machine type communication (LC-MTC) as stated in [1]. The first aspect is UE complexity reduction and a reduced UE bandwidth (BW) of 1.4 MHz including an RF BW was identified as one of the most effective components in reducing the UE complexity. The second aspect is UE power consumption reduction. However, it hasn’t been investigated in Rel-12, and thus it is regarded as a new aspect to be considered in Rel-13 low cost MTC. The last aspect is coverage enhancement which was also discussed in Rel-12. These three aspects are mutually interacted, and thus should be considered when designing technical solutions. In our view, improvement of the spectrum efficiency (SE) becomes a target which is common for these three aspects. Therefore, we strive for improving the SE for all possible physical downlink (DL) and uplink (UL) data/control channels. We assume the reduced DL/UL UE BW reduction of 1.4 MHz to be the baseline for the specification work as agreed at the RAN1#79 meeting. Among the physical layer channels, in this consideration, we give initial consideration to the PUCCH carrying the HARQ-ACK for the Rel-13 LC-MTC UEs. 
2. Design for PUCCH
The UE BW reduction would be applied to the UL. If the reduced BW is located in the central frequency of the system BW, the issue regarding the PUSCH resource fragmentation would occur for the legacy LTE UEs. Therefore, it is highly preferred that a frequency location of the reduced UE UL BW is shifted to both edges of the system BW, i.e., next to the PUCCH regions for the legacy UEs as shown in Fig. 1. As discussed in [2], after obtaining the system information in the DL, multiple sets of the reduced UE UL BW of 1.4 MHz would be utilized in order to achieve offloading effect and frequency diversity/scheduling gains. Therefore, there are multiple sets of the reduced UE UL BW from the NW perspective although only one reduced UE UL BW can be used in each subframe from the UE perspective. The PUCCH transmission would exist in each set of a reduced UE UL BW. In Rel-12 timeframe, the following working assumption regarding the PUCCH was made.
Working assumption:
· For UEs in enhanced coverage mode for MTC, 
· No support of repetition of periodic CSI over PUCCH

· FFS: Periodic CSI over PUCCH without repetition
· ACK/NACK on PUCCH is supported. FFS on the configurability of ACK/NACK.

· Dedicated SR is supported but no further optimization beyond PUCCH repetition for SR (e.g. no new formats).

We consider that the above working assumptions can be retained for Rel-13 LC-MTC UEs unless significant issues are found. Namely, ACK/NACK on the PUCCH format 1a/1b is to be supported for the LC-MTC UEs in both normal and coverage enhancement modes. On the other hand, a periodic CSI reporting on the PUCCH needs to be discussed further considering the other features such as frequency hopping/scheduling of the PDSCH. Currently, we can consider some options as shown in Fig. 2. Option 1 is reusing the legacy PUCCH transmission scheme, i.e., frequency-hopping is applied to the PUCCH transmission. However, such frequency-hopping is not so helpful to obtain frequency diversity gain within a reduced UE UL BW of 1.4 MHz. In addition, frequency-hopping consumes two PRB pairs at least and reduces the PUSCH resources. On the other hand, options 2 and 3 do not apply frequency-hopping within a reduced UE BW and option 3 further removes the CSI reporting on the PUCCH format 2. We note that the number of the ACK/NACK resources for the PUCCH format 1a/1b would be smaller than that for the legacy PUCCH considering that the multiplexing capacity for the PDSCH in a reduced UE DL BW would be six at the maximum. Hence, without frequency-hopping within a reduced UE UL BW, only one PRB pair would be needed for option 3. Therefore, we propose the following.
Proposal 1: Consider the PUCCH transmission without frequency-hopping within a reduced UE UL BW as the baseline.
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Figure 1 – Multiple sets of reduced UE UL BW.
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Figure 2 – PUCCH transmission scheme within a reduced UE UL BW.

With a reduced UE UL BW of 1.4 MHz, an efficient PUCCH resource utilization is highly preferred. One possible approach is to modify the current PUCCH resource allocation scheme. The PUCCH resource is associated with an enhanced control channel element (ECCE) index of the EPDCCH and ACK/NACK resource offset (ARO). However, the number of the ECCEs would be larger than six. Thus, one possible approach is to replace the ECCE index by the PDSCH PRB index. In this way, the number of ACK/NACK resources can be less than six, and can be accommodated in one PRB pair. 
Proposal 2: Modify the ACK/NACK resource allocation for the EPDCCH by replacing the ECCE index with the PDSCH PRB index.

The PUCCH resource allocation scheme for the LC-MTC UE in the coverage enhancement mode needs to be also considered together with the DL HARQ timing. Figure 3 shows an example of the PDSCH resource assignment and the corresponding PUCCH transmissions when there are two UEs. In Fig. 3, the number of repetitions for UE#1 and UE#2 are assumed to be 4 and 2, respectively. It is also assumed that the timing of the PUCCH transmission is n + 4, where n is the last subframe of the consecutive subframes for the PDSCH transmission. In this case, the PUCCH transmissions for UE#1 and UE#2 occur in the different subframes. If the PUCCH transmission for the UE#2 is aligned with that for the UE#1, the number of PRBs for the PUCCH transmission can be reduced. This kind of subframe alignment would be actualized by slightly modifying the meaning of the ARO, i.e., the subframe offset. Furthermore, when the repetition is applied to the PUCCH, another usage case would be also considered. Thus, the usage case for the ARO in the EPDCCH can be reconsidered for the Rel-13 LC-MTC if necessary.
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Figure 3 – Example of PUCCH transmission for coverage enhancement mode.

3. Conclusion
In this contribution, we presented our initial views on the PUCCH for the Rel-13 LC-MTC. Efficient resource utilization would be important to improve the spectrum efficiency for the PUCCH. Accordingly, we propose the followings 
Proposal 1: Consider the PUCCH transmission without frequency-hopping within a reduced UE UL BW as the baseline.

Proposal 2: Modify the ACK/NACK resource allocation for the EPDCCH by replacing the ECCE index with the PDSCH PRB index.
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