3GPP TSG RAN WG1 Meeting #79                                                R1-144962
San Francisco, USA, November 17 – 21, 2014
Source:
NTT DOCOMO
Title:
Features for Rel-13 Low Cost MTC with UE Complexity Reduction
Agenda Item:
6.3.1.1
Document for: 
Discussion and Decision
1. Introduction

One of the main objectives for this WI includes further UE complexity reduction as indicated in [1]. At the RAN1#78bis meeting, the following agreement and working assumptions were made.

Agreement:
· Reduced UE bandwidth of 1.4 MHz in downlink and uplink is prioritized as the most important complexity reduction technique for Rel-13 MTC UEs.
Working assumptions:
· The maximum TBS for unicast transmission for Rel-13 low complexity UE is approximately 1000 bits.
· UE is not required to support simultaneous reception of multiple transmissions for unicast and broadcast transmissions at least for Rel-13 low complexity UE. If eNB schedules unicast and broadcast simultaneously to UEs

· FFS: UE behavior
Working assumptions:
· The maximum TBS for broadcast transmission for Rel-13 low complexity UE is no more than approximately 1000 bits.

· RAN2 aspect and RAN1 aspect need to be considered further by RAN1 and RAN2 before confirming the working assumption

· RAN1 aspect including coding rate and spectral efficiency (taking into account coverage enhancement) and turbo coding gain

Although the reduced UE BW of 1.4 MHz is prioritized, this component clearly degrades the spectrum efficiency due to less frequency selective gains. Accordingly, in this contribution, we present the target design which maximizes the spectrum efficiency for the Rel-13 low cost (LC)-MTC with the reduced UE BW of 1.4 MHz.
2. General Consideration for Rel-13 Low Cost MTC 
To reduce the UE complexity, the reduced UE BW of 1.4 MHz is to be prioritized for the Rel-13 LC-MTC UEs. The goal for the reduced UE BW is to maximize the spectrum efficiency even though UE operation is limited within such a reduced BW [2]. The impact on the NW can be minimized by limiting the resources for the LC-MTC UE to the reduced PRBs while allowing the eNodeB scheduler to use those resources for the LTE UEs when available. 
High level system design for the reduced UE BW in the downlink is shown in Fig. 1. Synchronization signal, i.e., PSS/SSS, and system information, i.e., PBCH, would be transmitted and received over the central six PRBs of the system BWs in the same way as the legacy LTE UE. Subsequent system information, i.e., SIB, may also be transmitted using a newly-defined common search space (C-SS) on the E-PDCCH over the central six PRBs of the system BWs. When a UE BW reduction is applied, we would design a new SIB with a reduced payload size since LC-MTC UE cannot detect the legacy PDCCH and improvement in the spectrum efficiency is needed. At the RAN1#78bis meeting, it was suggested that the maximum TBS for broadcast transmission for Rel-13 low complexity UE is no more than approximately 1000 bits. The exact values of the maximum TBS will be determined through simulation evaluations. However, before deciding on the exact design for the broadcast channel, target scenario, usage case and feature should be discussed in order to identify system information required for LC-MTC. For example, one possible approach to make the new SIB be efficient is to focus on very low mobility scenario. This assumption would be reasonable considering LC-MTC usage case such as a smart meter. If a support for mobility is limited, design for SIB can be simplified from viewpoint of both physical and higher layers. More specifically, if mobility support for the UE in the idle mode, i.e., cell reselection, is limited, SIB3 -SIB8 would be simplified. We note that the mobility may not be assumed, especially for the LC-MTC UE in the enhanced coverage mode. If mobility is needed, the legacy LTE UE categories or UE category 0 specified in Rel-12 can be used for this purpose. The other usage cases and features related to the SIB should be also discussed. For instance, support of ETWS (SIB10 and 11), MBMS (SIB15), and location information related to GPS (SIB16) for the LC-MTC UE should be discussed further.

Proposal 1: Consider limiting mobility support for the LC-MTC UE in the idle mode such as cell reselection.
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Figure 1 – Example of downlink frame structure for reduced UE BW.

Since there is a limitation on improving the SE for a given narrow frequency BW of 1.4 MHz, another approach is to utilize the whole LTE BW by some means in order to obtain the frequency diversity gain or frequency scheduling gains for lower data rate transmissions. We consider that multiple sets of the reduced UE DL/UL BW of 1.4 MHz would be an effective approach. Multiple sets of the reduced UE DL/UL BW of 1.4 MHz have advantages of offloading effect and frequency diversity/scheduling gains, especially for the UE in the coverage enhancement mode. The multiple sets of reduced DL/UL BW of 1.4 MHz would be indicated by a new SIB for LC-MTC UEs as shown in Fig. 2. Even for the broadcast transmission, there may be the possibility to transmit a C-SS on the EPDCCH using different sets of the system BW to achieve a frequency diversity gain over multiple subframes for the UE in a coverage enhancement mode. Regarding a UE-specific SS (U-SS) on the EPDCCH, a frame structure similar to the C-SS can be considered and frequency hopping can also be applied. According to the detection of the downlink control information (DCI), e.g., the DL assignment, the downlink data that are allocated within the six PRBs on the PDSCH are detected. For the resource allocation, some sort of modification to the resource allocation would be necessary since the granularity of the resource allocation for the LC-MTC UE is different from that for legacy LTE. For example, LC-MTC UEs are configured with two sets of six PRBs and one of the sets and PRBs in the set are dynamically indicated in a cross-subframe scheduling manner using the DCI. In this way, a frequency diversity gain would be achieved while the size of the DCI can be curtailed. In the above frequency hopping operation or dynamic resource allocation in the frequency domain, there may be some potential issues to be resolved. One issue is the RF re-tuning to different frequency locations. One possible solution is to reserve the first three OFDM symbols for re-tuning since the UE with a reduced BW does not need to monitor the legacy PDCCH. We note that, although one subframe is used for re-tuning for the half duplex mode LC-MTC UE in Rel-12, it is worth investigating reduction in such a re-tuning time for the case of frequency-hopping operation or dynamic resource allocation. Another potential issue is how to achieve synchronization and time- and frequency-tracking after re-tuning. Further feasibility studies regarding re-tuning, synchronization and time- and frequency-tracking would be needed. 
Proposal 2: Multiple sets of reduced DL/UL BW of 1.4 MHz should be supported.

Proposal 3: Feasibility studies on frequency-hopping and dynamic resource allocation should be performed for the reduced UE BW. 
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Figure 2 – Multiple sets of reduced DL/UL BW

3. Conclusion
In this contribution, we presented our views on further UE complexity reduction focusing on the reduced UE BW of 1.4 MHz. For such a reduced UE BW, our target would be to maximize the spectrum efficiency while minimizing the impact on the legacy LTE network. As a consequence of the discussion in this contribution, we propose the following.
Proposal 1: Consider limiting mobility support for the LC-MTC UE in the idle mode such as cell reselection.

Proposal 2: Multiple sets of reduced DL/UL BW of 1.4 MHz should be supported.

Proposal 3: Feasibility studies on frequency-hopping and dynamic resource allocation should be performed for the reduced UE BW. 
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