
3GPP TSG RAN WG1 #76
        

              R1-140354
Prague, Czech Republic, February 10-14, 2014
Agenda item:
7.2.2.2.1
Source: 
Samsung 

Title: 



    PBCH Coverage Enhancements for MTC UEs
Document for:
Discussion and Decision
1 Introduction

In RAN1 #75, the following were agreed regarding PBCH coverage enhancements for MTC UEs. 

· Agree that we only select ONE of the following options that define the repetition burst within the 40ms PBCH cycle:

· Option 1: Repetition in SF#0

· Option 2: Repetition in SF#0 + repetition in SF#5 in odd frames.

· Option 3: Repetition in SF#0 + repetition in 1 other sub-frame in all frames

· Option 4: Repetition in SF#0 + repetition in 3 other sub-frames in all frames 

· FFS until the next meeting which REs should be excluded for PBCH repetition

· Agree that “user data and MIB repetition are assumed not to be sent in the same PRBs.”
· Agree that we shall only select ONE of the options below for configuration of transmission across 40ms cycles:
· Option A: Always send repetition in every 40ms cycle.

· Option B: Dynamic on/off of repetitions on a per 40x ms cycle basis.

· Option C: Repetition based on pattern(s) across a given number of cycles.
This contribution discusses the above options as well as additional design details on aspects related to PBCH coverage enhancements for MTC UEs.
2 Coverage Enhancements for PBCH
In [1], the required coverage enhancement for PBCH in FDD was found to be 11.7 dB for a MTC UE with 2 Rx antennas and a coverage enhancement target of 20 dB. The WI specification for a MTC UE with 1 Rx antenna and a coverage enhancement target of 15 dB reduces the required coverage enhancement for PBCH in FDD by 1 dB to 10.7 dB as the additional coverage loss for 1 Rx antenna, relative to 2 Rx antennas, is assumed to be 4 dB. 

To achieve a coverage enhancement target of 10.7 dB, PBCH repetitions (referred to as MTC-PBCH) will need to be used possibly together with power boosting. The required coverage enhancement can be met with the existing PBCH design using transmissions of 4 segments in 4 respective frames (e.g. [2]). 

Another possible scheme, which is to just continue attempting to decode legacy PBCH for a longer time, was proposed [3]. Simulation results from [4], for example, have shown that PBCH can be decoded with high probability given sufficient number of attempts. However, as the acquisition time for PBCH can be long by using this scheme alone, it is preferable to use this scheme combined with other enhancements such as repetition and boosting. Moreover, excessive reliance on a “keep trying” approach may provide a sufficiently robust design as the actual channel can be significantly different than the fading channel assumed in simulations (e.g. fading may be more Ricean-type than Rayleigh-type). 
Subframes for MTC-PBCH within a 40ms cycle
Among the four options for PBCH repetitions within 40ms cycle agreed in RAN#75, Option 3 or Option 4 can provide enough number of repetitions for a robust design in meeting the maximum coverage enhancement target. Overhead reduction can be achieved, when possible, by intermittent transmissions.
In addition, design commonalities for PBCH repetitions should be pursued for FDD and TDD, as for legacy PBCH, as fragmentation of implementations is not desirable. Therefore, a single design for PBCH repetitions for FDD and TDD is beneficial. Then the bottleneck lies in the available resources for PBCH repetitions in TDD. If all TDD UL-DL configurations are supported for MTC UEs requiring coverage enhancements, only SF#0 and SF#5 can be practically used for MTC-PBCH, considering that a smallest DwPTS length in special SF is 3 symbols. If the special subframe configurations having a DwPTS length of 3 or 6 symbols are not supported for PBCH coverage enhancements, SF#1 and SF#6 can be additionally used to transmit PBCH repetitions. Therefore, given that the required PBCH coverage can be met in FDD without power boosting, a common PBCH design can be achieved for FDD and TDD, as for conventional operation, while relying on limited power boosting (e.g. ~2-3 dB).

Proposal 1: Adopt Option 3 or Option 4 for PBCH repetition burst within a 40ms cycle.
REs for MTC-PBCH

REs for MTC-PBCH should exclude PDCCH region, CRS and SCH. The PDCCH size can be assumed to be 3 symbols (for small bandwidths, the specifications allow for 4 symbols but this will not be practically needed when the entire DL SF is mostly/entirely used for PBCH repetitions). All other subframe REs should be used for MTC-PBCH transmission including CSI-RS REs. It is a network implementation issue to choose whether to transmit CSI-RS or MTC-PBCH in those REs. Attempting to include REs for all possible CSI-RS patterns in the REs excluded for MTC-PBCH transmission will result to unnecessary complexity and resource waste. 
As PBCH repetitions can be intermittent, Rel-12 UEs should be informed by higher layers of the frames where PBCH repetitions occur in order to determine whether PDSCH should be received in RBGs that include PRBs from the middle 6 PRBs of the DL bandwidth.  

Proposal 2: REs for MTC-PBCH transmission include all subframe REs with the exception of the PDCCH region (3 OFDM symbols), CRS and SCH.
MTC-PBCH transmission configuration across 40ms cycles 
Among the three options for MTC-PBCH transmission configuration across 40ms cycles agreed in RAN#75, Option B is preferred in order to provide a network with scheduling flexibility. The other options result in less scheduling flexibility, e.g. by introducing restrictions to paging in small system bandwidths.
Proposal 3: Adopt Option B for PBCH repetition bursts across 40ms cycles.
Additional aspects to support PBCH coverage enhancement
An MTC UE in an enhanced coverage mode can perform two decoding operations in each frame to acquire a MIB; one decoding operation for a legacy PBCH reception and one decoding operation for PBCH repetitions (referred to as MTC-PBCH) reception combined with a PBCH reception. An MTC UE in an enhanced coverage mode benefits from a decoding operation of a conventional PBCH in a frame as, in case of intermittent transmissions of a MTC-PBCH, this can lead to faster detection of a MIB as it can be acquired by an MTC UE through a PBCH detection in a frame that an MTC-PBCH is not transmitted. An MTC UE in an enhanced coverage mode also benefits from a decoding operation of a MTC-PBCH as it provides a higher detection probability than a conventional PBCH in a frame that a MTC-PBCH is transmitted.

After acquiring PSS/SSS, an MTC UE will need to proceed with acquiring the MIB. Then, for intermittent repetition of PBCH, if the PBCH for MTC UEs is only transmitted over very long time periods, this can have a non-negligible impact on the MTC UEs power consumption even if the associated PBCH decoding latency can be tolerable. Therefore, a proper balance between PBCH overhead and MTC UE power consumption for PBCH detection should be determined. Clearly, the lower the required number of PBCH repetitions for the targeted coverage enhancement, the lower the respective MTC UE power consumption for the same resource overhead as the PBCH can be transmitted more frequently. It is also beneficial to enable a coverage limited MTC UE to determine in a simple manner whether or not respective PBCH repetitions exist in a frame. This can allow very long periods between intermittent PBCH transmissions without penalizing power consumption. For example, a UE can simply correlate hypothetical REs containing PBCH repetitions to determine whether actual PBCH repetitions exist and power off in the remaining of the frame if it determines an absence of PBCH repetitions. 
Observation 1: It is beneficial to enable a MTC UE to determine in a simple manner whether PBCH repetitions exist in a frame in order to allow long periods between intermittent transmissions of PBCH repetitions while minimizing MTC UE power consumption. 
3 Conclusions

This contribution considered PBCH design aspects associated with achieving a required coverage  for MTC UEs. In particular, the following are proposed.
Proposal 1: Adopt Option 3 or Option 4 for PBCH repetition burst within a 40ms cycle. 

Proposal 2: REs for MTC-PBCH transmission include all subframe REs with the exception of the PDCCH region (3 OFDM symbols), CRS and SCH.
Proposal 3: Adopt Option B for PBCH repetition bursts across 40ms cycles.
In addition, the following observation is made.
Observation 1: It is beneficial to enable a MTC UE to determine in a simple manner whether PBCH repetitions exist in a frame in order to allow long periods between intermittent transmissions of PBCH repetitions while minimizing MTC UE power consumption. 
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