3GPP TSG RAN WG1 Meeting #74
R1-132883
Barcelona, Spain, August 19-23, 2013
Agenda Item:
7.2.4.2
Source:
Huawei, HiSilicon

Title:
Discussion on PHICH and PCFICH for coverage limited MTC UEs
Document for:
Discussion and decision
1 Introduction
The new WI for low cost & enhanced coverage for MTC UE for LTE was approved at RAN #60 to specify a new UE for MTC operation in LTE that also allows for enhanced coverage compared to existing LTE networks, with the following objective [1]: 
· Specify the following techniques (which shall be applicable for both FDD and TDD) to achieve this:

· Simplification of PHICH and PCFICH functionality or alternative mechanism to PHICH and PCFICH functionality so that coverage limited UE is not constrained by PHICH and PCFICH physical channels
· When defining the detailed solutions for the above coverage enhancement techniques, relative spectral efficiency impact and cost/power consumption impact should be taken into account. 
This contribution will discuss the functionality simplification and the alternative mechanisms. 
2 Discussion
Techniques for coverage improvement for PHICH and PCFICH are excluded from analysis in TR [2] since
· Dependent on the technique(s) for coverage improvement PHICH may or may not be required. 
· With some additional complexity in UE (e.g. decoding of control channel assuming different CFI) or higher-layer signaling (e.g. pre-configuration of CFI), the need to decode PCFICH may be eliminated. 
2.1 PHICH

The PHICH carries the hybrid-ARQ ACK/NACK to inform an UE if its PUSCH was decoded correctly by eNB. 
Depending on the technique(s) for coverage improvement: 
1) Enhanced PDCCH
If PDCCH coverage is enhanced for the new UE, PHICH may not be required and could be replaced by New Data Indication (NDI) in the PDCCH scheduling, which instructs UEs to transmit new data or retransmission. This mechanism is applicable to both FDD and TDD systems.
2) Fixed number of repetitions
UEs would repeat PUSCH transmissions for a fixed number of times, regardless of whether the eNB needs that many transmissions, to achieve the coverage target. It is applicable for both FDD and TDD systems.
For example, if the number of repetitions initially identified for PUSCH transmissions is inaccurate or coarse, or if the channel status is changed, the fixed number of transmissions may not match to the actual amount that eNB needs to achieve the coverage target. Specifically, if the fixed number exceeds the actual amount required, resources will be wasted to transmit the repetitions that are not needed; otherwise, eNB would always not decode the initial PUSCH transmissions correctly.

Alternatively, ACK/NACK could help to adjust the number of transmissions that eNB really needs, which may benefit the resources utilization and reduce the relative spectral efficiency impact. Based on which, we tend to the following proposal:

Proposal 1: The functionality of PHICH is replaced by PDCCH for the new UEs needing enhanced coverage. 
2.2 PCFICH
The control channels (including PCFICH, PHICH, and PDCCH) are still allowed to use the carrier bandwidth. UEs without the requirement for coverage enhancement could decode PCFICH to acquire how many OFDM symbols are occupied by control channels before decoding PDCCH. For UEs needing enhanced coverage, they could skip PCFICH and decode PDCCH directly with some restrictions. The alternative mechanisms to eliminate PCFICH could be:

1) Decoding PDCCH assuming different CFI

It is possible for UEs to decode PDCCH assuming different CFI values for each subframe, whether PDCCH is repeated or not. However, blind trials for PDCCH will increase if more than one value is allowable for CFI. 
Particularly, when PDCCH is repeated in multiple subframes, different CFI values are possible for each of subframes from UE perspective. Blind trials for PDCCH will accordingly increase linearly with the number of subframes used for PDCCH repetitions. Alternatively, the same CFI could be used for all of the subframes in which PDCCH is repeated, in order to decrease complexity for blind trials.

2) Fixed CFI

In any downlink subframe the new UEs are expected to decode PDCCH, the CFI is specified to be a fixed value, say CFI=2. 

3) Semi-static configurable CFI
In any downlink subframe the new UEs are expected to decode PDCCH, the CFI is a predefined value, which could be semi-statically configurable, for example, by PBCH or higher layer signaling. However, if it is configured by the higher layer signaling, the CFI value for any downlink subframe if needed before receiving the higher layer signaling is still required to be specified, for example, could be a fixed value. 
The above three mechanisms are applicable for both FDD and TDD systems. However, the first one has the most complexity. Compared to a fixed value that has the least complexity, the configurable CFI could provide some flexibility according to the network load, but is relatively more complex for UEs to acquire the configurable values. 
The above analysis leads to the following proposals:

Proposal 2: The new UEs needing enhanced coverage could eliminate PCFICH decoding. 
Proposal 3: For any downlink subframe that is expected to be decoded by the new UEs needing enhanced coverage, CFI could be a specified fixed value.
3 Conclusions
PHICH and PCFICH functionality and the alternative mechanisms are discussed in this contribution, which leads to the following proposals:

Proposal 1: The functionality of PHICH is replaced by PDCCH for the new UEs needing enhanced coverage. 
Proposal 2: The new UEs needing enhanced coverage could eliminate PCFICH decoding. 
Proposal 3: For any downlink subframe that is expected to be decoded by the new UEs needing enhanced coverage, CFI could be a specified fixed value. 
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