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1. Introduction
In the approved Work Item “Low Cost & Enhanced Coverage MTC UEs for LTE” [1], the following work plan was provided:
· RAN1 work (up to RAN#63).

· Specify physical layer aspects, and initiate the design of the new UE category/type.

· RAN2 work (up to RAN#64).

· Specification of Layer 2/3 protocol aspects.

· RAN4 work (up to RAN#64).

· Specify any required modifications to UE and eNode B core requirements, including potential measurement requirement impacts.

There is a clear dependency of RAN1’s work with those of RAN2 and RAN4. This paper discusses such possible inter-dependency to allow the WI to proceed systematically in order to meet to the work plan. 
Firstly, how to specify a new UE category/type for MTC operation as defined in the first objective of the WID clearly involves RAN2, because a combination of UE category definition/signaling and UE capability definition/signaling is likely to required [2], with specification impact on TS36.306 and TS36.331. However, the discussion there can be largely decoupled from coverage enhancement, which is a new feature to be developed as the second objective. Hence, we focus on the PHY and protocol aspects of the coverage feature in the rest of the paper.   
2. Discussion 
From the conclusion and observation derived in the SI phase, all physical channels need enhancement, though with varying gaps. Repetition/TTI bundling, in combination with possible PSD boosting, is a common technique. The amount of repetition depends on UE-specific needs and payload/content of each channel, and the latter makes it non-trivial to align simulation results. Hence it may not be straightforward to provide precise estimates on all the PHY channels’ transmission-plus-reception delay to allow RAN2 to investigate the protocol aspect impact. Nevertheless, we may approach the problem by focusing on essential system functionalities and associated PHY channels, in anticipation of potential protocol related discussion in RAN2.
Synchronization
Before any network entry or re-entry (i.e., from RRC_Idle mode), the UE has to acquire OFDM timing and frequency synchronization. The SI phase observation is that “coverage improvement can be achieved by non-coherent accumulation of the existing PSS/SSS signals with a longer sync acquisition time than that for normal LTE UEs”. The evaluation results of sync acquisition time should be communicated to RAN2/4, so that they can assess its impact on, for example, inter- or intra-frequency measurement for handover performance purpose. The envisioned use case should also be communicated since MTC UEs in need of coverage enhancement may have no mobility typically.
 MIB acquisition

The next step of network initial entry is to acquire MIB on PBCH which contains DL BW information, PHICH configuration, and SFN. The first two parameters are required before PDCCH can be blindly decoded and SFN is needed for UE to know where SIBx are transmitted. If we assume the current MIB payload and the 40ms cycle after which SFN will change, the coverage analysis against the 15dB coverage enhancement will lead to, as an example in FDD, 10 repetition for 2 Rx antenna or 20 repetition, plus ~2dB PSD boosting, in the case of single-Rx [3]. If TDD can assume only 2 DL subframe in DL-UL configuration 0, it is very likely impossible to get 15dB gain.  There are a several obvious aspects for RAN2 to consider:
· Frequent transmission of the “PBCH replica” significantly degrades system spectral efficiency. On the other hand, a very long period of “enhanced PBCH” can further prolong the network entry or re-entry process.
· If the UE has to wake up periodically in sleep mode to get PHICH/SFN information on PBCH (and monitor PDCCH), and considering the long sync acquisition time, a UE can take a long time with a lot of power consumption just to stay synchronized with the network.
Proposal # 1:  Solution for PBCH enhancement clearly needs to be defined first. If new MIB payload is to be considered, early involvement of RAN2 is needed.  
SIB acquisition

A UE also needs to acquire SIB1 and SIB2 before attempting any UL transmission like RACH. Hence, PDCCH (DCI format 1C or 1A) and PDSCH are needed for SIB reception. As an example, for a 27-bit PDCCH with aggregation level of 8 CCEs, 20 repetitions can provide 9.7dB gain which can meet the FDD requirement [4]. A similar number of repetitions are needed for PDSCH. Note that PDSCH carrying SIBx should not exceed the maximal TBS of 1000bits for cat-0. If the PDSCH starts before DCI can be decoded, the PDSCH data buffer will be large, which is undesirable and contradicts the cost reduction measure of limiting the maximal PDSCH bandwidth to 1.4MHz. So the timing relationship of PDCCH and PDSCH needs to be defined before RAN2 can assess the SIB reception latency.
 Proposal # 2:  PDCCH and its timing relationship to PDSCH needs to be defined before RAN2 can assess SIB reception latency or optimize SIB payload after taking into account delay-tolerance and no/low mobility of MTC UEs in need of coverage enhancement.
 RACH procedure
RACH procedure consists of 4 steps: PRACH transmission and reception to get timing advance; RAR that requires PDCCH (DCI format 1C or 1A) and PDSCH; Msg-3 that requires PUSCH and PHICH (for HARQ-ACK); and Msg-4 for contention resolution (using PDCCH, PDSCH, and PUCCH for HARQ-ACK from intended UE only).
PRACH was also a potential solution identified in the SI phase to serve the objective of “specify a mechanism(s) to support scalability of spectral efficiency impact for coverage improvement by identifying UE requiring additional coverage improvement and informing eNB the amount of coverage the UE requires.” PRACH design is of course related to the detection performance definition in RAN4 as in the task defined in the WID by “a relaxed requirement for probability of missed detection for PRACH”. 
RACH procedure is used for establishing RRC connection, either from IDLE mode or for initial establishment. RRC connection establishment time is of importance to RAN2’s assessment, which will be used on RAN1’s evaluation of the total latency of a RACH process.
Proposal # 3:  RACH procedure, as defined now, requires PRACH, PDCCH, PDSCH, PUSCH, PHICH, and PUCCH to function (i.e., with coverage enhancement). The total latency of RACH process is key to RAN2’s protocol optimization for small packet transaction.   
HARQ
Current RACH step-3 and 4 require DL and UL HARQ to work, which means PHICH and PUCCH need to function. For simple acknowledgement between eNB and UE, PHICH and PUCCH are the most efficient solutions to support this functionality [5].
Proposal # 4:  HARQ is supported for MTC UEs in need of coverage enhancement. 
Paging
Paging function allows eNB to poll MTC UEs, but it also impact UE power consumption if MTC UEs has to wake up often to monitor paging. Paging is based on PDCCH and PDSCH which should be studied during SIB acquisition studies. Most of the paging optimization work falls in RAN2’s domain.
Proposal # 5:  Paging functionality should be supported for MTC UEs in need of coverage enhancement. Its optimization largely falls in RAN2’s responsibility. 
3. Conclusion
In this paper, we discuss possible inter-dependency of works in RAN1/2/4 to allow the WI to proceed systematically in order to meet to the work plan. By analyzing the essential system functionalities and associated PHY channels, in anticipation of potential protocol related discussion in RAN2, we made the following proposals:
Proposal # 1:  Solution for PBCH enhancement clearly needs to be defined first. If new MIB payload is to be considered, early involvement of RAN2 is needed.  

Proposal # 2:  PDCCH and its timing relationship to PDSCH needs to be defined before RAN2 can assess SIB reception latency or optimize SIB payload after taking into account delay-tolerance and no/low mobility of MTC UEs in need of coverage enhancement.

Proposal # 3:  RACH procedure, as defined now, requires PRACH, PDCCH, PDSCH, PUSCH, PHICH, and PUCCH to function (i.e., with coverage enhancement). The total latency of RACH process is key to RAN2’s protocol optimization for small packet transaction.   

Proposal # 4:  HARQ is supported for MTC UEs in need of coverage enhancement. 

Proposal # 5:  Paging functionality should be supported for MTC UEs in need of coverage enhancement. Its optimization largely falls in RAN2’s responsibility. 
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