Page 1

3GPP TSG RAN WG1 Meeting #72bis

R1-131096
Chicago, USA, 15th - 19th April, 2013
Agenda Item:
7.2.4.2
Source: 
Fujitsu

Title: 
PBCH related issues of Low-cost MTC UEs based on LTE
Document for:
Discussion and Decision

1. Introduction
During RAN1#72, it was agreed on that PHICH and PCFICH may not require further significant analysis or evaluation. However, other channels will require further evaluation and/or analysis in the SI, which include SCH, PBCH (or equivalent for system information), PRACH, (e)PDCCH/PUCCH and PDSCH/PUSCH [1]. In this contribution, we share our views on the PBCH related issues and potential solutions.
2. Discussions
2.1. PBCH related issues

Before launching initial random access, MTC UEs are supposed to detect PBCH and decode necessary broadcast signaling for acquisition of the necessary system information, including information on control channels, configurations of PRACH and preambles, etc. Based on the DL bandwidth (equal to the PDCCH bandwidth), CRS port number and PHICH configuration, MTC UEs could demodulate the SIB-x which are carried over by DL-SCH. Based on more detailed system information, MTC UEs can select the PRACH preamble and format. 
Hence reliable PBCH reception performance is a precondition for MTC UEs to access the network. Other procedures can be conducted to facilitate all the necessary functions (e.g. DL/UL scheduling&transmission, measurement report, etc). 
It is also noted that the transmission block period of PBCH is 40ms, supported by 4 self-decodable repetitive low-coding rate sequences. Thereby the receiver cannot easily use more than 4 versions in each combination since the 8 bits SFN encoded MIB would change every 4 radio frames. Accordingly, the current PBCH reception performance cannot be improved by simply combining more received versions based on legacy PBCH.
Observation 1: DL broadcast channel enhancement study should be prioritized to improve the coverage performance associated for coverage challenged MTC UE.
2.2. PBCH content
Another concern arises from the possible reduced bandwidth design for MTC UEs. During the discussion on cost-reduction techniques for provisioning of low-cost MTC UEs, reduction of maximum bandwidth for MTC UEs is seen as one of the candidate techniques. It also implies that the MTC UE cannot demodulate current PDCCH if low-cost MTC employs a narrower system bandwidth. 
The currently defined MIB bandwidth information may not support narrow bandwidth low-cost MTC operation.. Accordingly, MIB content may need to be updated targeting low-cost MTC UEs.

In addition, based on the captured UE density in both London and Tokyo traffic model scenarios, large numbers of MTC UEs could co-exist with human devices in LTE system. If all MTC UEs can only be supported by the same reduced bandwidth, the system MTC device capacity would be limited. This could become a severe system bottleneck. Therefore it would be beneficial to consider different groups of MTC UEs to be supported by different frequency sub-band locations. This drives another potential problem: how to support different MTC UEs with reduced bandwidth to operate in different frequency sub-bands?
Therefore, the “new PBCH” should support allocating MTC UEs to different (reduced) sub-bands, and use EPDCCH to carry the control channel signaling. This could essentially save the control signaling overhead compared with doing it via dynamic or SPS scheduling by other L1 signaling. The related information bit number could be smaller than that of the legacy PBCH, which in return could be further employed to enhance the coverage performance. The design of the “new PBCH” information content could be further studied and optimized.

Proposal 1: MIB content carried by PBCH requires further study for the low-cost MTC in order to be optimized for reduced bandwidth and enhanced coverage of MTC initial access.  
Other new PBCH content was also considered in last RAN1 meeting, e.g., some or all system information. One possibility is to include some critical SIBs for MTC UEs requiring coverage improvement into the new PBCH. Another possibility is to include related scheduling information of the critical SIBs into the new PBCH. 

Due to MTC UEs’ specific deployment, the low-cost MTC UEs may not require as many SIBs as legacy UEs to achieve the required coverage improvement, at least for the initial access phase [2]. For the former option, it should be studied firstly what legacy SIBs content should be retained for coverage enhanced MTC UEs in order to evaluate how many bits of the system information would be required to be inherited by the new PBCH. The critical SIBs targeting MTC UEs to properly configure initial random access should at least consist of the time/frequency/sequence configuration for PRACH preamble, cyclic shift value as well as PRACH power control parameters. The information corresponds to parameters in [3] like “prach-ConfigIndex”, “rootSequenceIndex”, “zeroCorrelationZoneConfig”, “powerRampingStep”, “preambleInitialReceivedTargetPower”. One could assess that the related overall signaling overhead will exceed 20bits. If the new PBCH is designed based on the same structure (as the legacy PBCH), i.e., 40 bits source information after 16 CRC bits, the critical SIBs overhead would be too large to be merged into the new PBCH. Even if the new PBCH is expanded to accommodate the most concise set of system information, it will require a long transmission period in order to improve coverage, which adversely affects the resource usage. Therefore, based on our observation, option 1 of merging some critical SIB content into the new PBCH is not optimal.
On the other hand, current PDSCH based SIBs transmission is supported by QPSK modulation. The scheduling information for SIBs transmission is related to the resource blocks allocation and TB size. Given the fact that low-cost MTC UEs are expected to operate on a reduced bandwidth, the required bits to indicate the allocated resource blocks may be reduced compared with the legacy SIBs. Therefore, the latter option of including related scheduling information of the critical SIBs into the new PBCH could be feasible. Another way of scheduling necessary SIBs is to introduce CSS EPDCCH so that reduced BW MTC UEs can read the control information to decode the PDSCH carrying SIBs in the corresponding resources.
Observation 2: Merging legacy SIB contents into the new PBCH is not an optimal option. 

Proposal 2: Transmitting scheduling information of the necessary SIBs in the new PBCH for MTC UEs requiring coverage improvement should be considered. 
Proposal 3: An alternative way to schedule MTC SIB information could be based on CSS EPDCCH.
In addition to the above analysis, the new PBCH design could also potentially cover CFI indication to MTC UEs. Although it has been agreed that PHICH and PCFICH may not require significant analysis or evaluation for coverage enhancement in this SI, it would still be necessary to consider ways of efficiently and securely indicating CFI to MTC UEs without relying on legacy PCFICH, since MTC UEs requiring coverage improvement cannot always successfully decode legacy PCFICH. For MTC UEs to be scheduled, it was proposed to fix the CFI value in certain periods.  However, the continued use of the fixed CFI value can degrade the efficiency of radio resource especially when the number of the scheduled MTC UEs changes significantly from subframe to subframe. This could be addressed by making MTC UEs assume the CFI value is the same as the PHICH duration value. For example, the eNB schedules particular UEs requiring coverage improvement only in DL subframe whose actual CFI value is the same as the PHICH duration value.
Proposal 4: The new PBCH should include PHICH duration for low-cost MTC UEs, and this is used to derive CFI. 
Conclusions

In this contribution, we analyzed the potential issues of PBCH for low-cost MTC UEs. Following proposals are concluded:

Observation 1: DL broadcast channel enhancement study should be prioritized to improve the coverage performance associated for coverage challenged MTC UE.
Proposal 1: MIB content carried by PBCH requires further study for the low-cost MTC in order to be optimized for reduced bandwidth and enhanced coverage of MTC initial access
Observation 2: Merging legacy SIB contents into the new PBCH is not an optimal option. 
Proposal 2: Transmitting scheduling information of the necessary SIBs in the new PBCH for MTC UEs requiring coverage improvement should be considered. 
Proposal 3: An alternative way to schedule MTC SIB information could be based on CSS EPDCCH.

Proposal 4: The new PBCH should include PHICH duration for low-cost MTC UEs and this is used to derive CFI. 
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