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1 Introduction

This contribution discusses some general aspects on the Rel-13 WI on "Further LTE Physical Layer Enhancements for MTC ". This includes looking at some decisions from RAN1, as communicated by various liaison statements, and reviewing and assessing the relevance of some initial agreements on enhanced coverage that were made by RAN2 during Rel-12.
2 WI objectives and RAN1 status
The main objective of the Rel-13 Further LTE Physical Layer Enhancements for MTC WI [1] is "to specify a new UE for MTC operation in LTE that also allows for enhanced coverage compared to existing LTE networks and low power consumption". In this section, we discuss the key points that RAN2 should consider and potentially take as common understanding based on the detailed requirements provided in that WID [1] (the text shown below is only a summary from the WID for simplification) and agreements from previous RAN1 and RAN2 meetings on enhanced coverage. RAN2 should also keep in mind that the WID indicates that the agreements and working assumptions from Rel-12 LC MTC WI should be taken as the starting point when applicable.
2.1 Rel-13 low complexity UE category/type
The WID requirements for the new Rel-13 LC UE can be summarized as follows (full objectives from the WID are provided in Annex A):

· Specify a new Rel-13 low complexity UE category/type for MTC operation supporting: reduced UE bandwidth of 1.4 MHz in downlink and uplink, reduced maximum transmit power, reduced support for downlink transmission modes and considered further UE processing relaxations.
In RAN1#79 meeting, RAN1 agreed on the following general aspects for Rel-13 LC UE:
· "The maximum TBS for unicast transmission for Rel-13 low complexity UE is approximately 1000 bits."

· "Support narrow bandwidth operations of 6 RBs in both RF and baseband with possible retuning to another narrowband region (within the cell system bandwidth) for communications".

The maximum TB limitation for unicast transmission should not be a problem from RAN2 side as it is the same as cat.0 UEs. On the other hand, the narrow bandwidth operation means that Rel-13 LC UEs are only capable to receive 1.4MHz (6 contiguous PRBs) per subframe within the whole system bandwidth; this contiguous PRB limitation restricts the gain of the frequency diversity which gets reflected in the need to have repetitions even for Rel-13 LC UEs in normal coverage [2] and reduces scheduling flexibility . 
Proposal 1. RAN2 to confirm RAN1 agreement that Rel-13 LC UE only handles a maximum TBS of 1000bits for unicast transmission (i.e. similar as cat.0 UEs) and receive one narrowband region (i.e. 6 contiguous PRBs) per subframe within the whole system bandwidth.
We refer to this narrowband region as the "MTC region" in the remainder of this contribution. Although a UE can only receive or transmit a single MTC region per subframe, the network could assign more than one MTC region per subframe to be used by different UEs as shown in Figure 1.  If the eNB chooses to assign more than one MTC region in a cell then the region that a Rel-13 LC UE shall use must be clearly defined in the specification or indicated by the eNB. In cases where there could be conflicting requirements for the UE to receive more than one MTC region, for example to receive unicast and broadcast that are in different MTC regions, then it could be left to UE implementation which to receive.  
Observation 1. The narrowband region that a Rel-13 LC UE uses in each subframe shall be clearly indicated by eNB or defined by the specifications.
Observation 2. The specification shall avoid indicating the usage of more than one narrowband region to a Rel-13 LC UE in a specific subframe.

Proposal 2. RAN2 to agree that eNB might configure several "MTC regions" in a subframe; however, Rel-13 LC UE is only capable to use only one "MTC region" per subframe.
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Figure 1. Rel-13 narrowband regions of 1.4MHz for MTC operation (i.e. MTC regions)
In addition, the MTC region could be dynamically change each subframe (i.e. frequency hopping), as shown in diagrams a-2 and b-2 of Figure 1. RAN1 understand the potential benefits of using frequency hopping, however there are concerns on the feasibility as per RAN1's LS to RAN4 [3] due to the potential retuning time requirements and other aspects for the multiplexing of UEs. Depending on RAN1/4 decisions on these aspects, it will impact how RAN2 has to define MAC related aspects such as the scheduling of SIB or the grant allocations.
Proposal 3. RAN2 to wait for RAN1/4 progress before discussing the UE operation on DL/UL scheduling or other MAC functionality.
2.2 Rel-13 enhanced coverage mode
The WID requirements for the new Rel-13 enhanced coverage (EC) mode can be summarized as follow (further details in Annex A):
· Target a relative LTE coverage improvement for that Rel-13 LC MTC UE category/type and other UEs operating delay tolerant MTC applications with respect to their respective nominal coverage. The solutions should minimize divergence between the new Rel-13 LC MTC UE category/type and other UEs. The work with the physical layer control signalling and higher layer control signalling should aim for a high level of commonality between the solutions for the new Rel-13 low complexity UEs and the solutions for coverage enhanced UEs.

From these requirements we observe that the new enhanced coverage feature may be supported by UE of the new Rel-13 LC category as well as UEs of other categories, and the control signaling and other solutions required for the enhanced coverage operation should be as common as possible for Rel-13 LC UEs and other UEs.
Observation 3. Rel-13 solutions to enable EC mode should be the same for any kind of UE (i.e. Rel-13 LC UE and other UE) unless there is any major issue or limitation.
In Rel-12 RAN2 EC discussions, before the EC mode was removed from Rel-12, RAN2 agreed some initial aspects regarding the SI acquisition and the cell (re)-selection (details copied in Annex B). On the topic of SI acquisition, RAN2 agreed that there was no need to introduce a new SIB unless only a small subset of the contained IEs are required. However, discussions in Rel-12 did not have to consider the narrowband aspect of the Rel-13 LC UEs, and in addition RAN1 has provided further input where they recommend that RAN2 consider introducing new SIB(s) for Rel-13 LC UEs in normal and enhanced coverage [3]. Hence, we believe the SI acquisition aspects should be revisited and we further analyze these aspects in [7].
Regarding cell selection, RAN2 agreed that it would be up to the UE implementation decision whether the UE accesses the cell in normal or enhanced coverage mode, and that the cell would broadcast whether it supports EC mode; however the details of this broadcast signalling were left FFS. These agreements still appear to be applicable and may be used as a starting point in the Rel-13 work.
Observation X. The need for a new SI message and the SI acquisition impact needs to be further discussed by RAN2.

 Observation X. Rel-12 RAN2 agreements on cell selection for UEs using normal or enhanced coverage and the indication of support of EC mode in SIB are still applicable.
Proposal 4. RAN2 to confirm that Rel-12 agreement on cell selection is applicable for Rel-13 (i.e. it is up to UE implementation whether to access a cell in normal or enhanced coverage mode).
Proposal 5: RAN2 to confirm that Rel-12 agreement on indication of support of EC mode in SIB is application for Rel-13.
3 Rel-13 network configuration

Different combinations of the network support of Rel-13 LC UEs and EC mode as shown in Table 1. It is clear that Rel-13 LC UE and EC mode are two different aspects that could be supported by the network independently (i.e. use case A, B or C). Therefore, the system information should be able to indicate support for Rel-13 LC UEs and EC mode independently. However, it is not yet clear whether a further indication may be required to indicate whether the network supports Rel-13 LC UEs operating in EC mode, or whether this would be implicit from the support of the eNB supports the 2 features in combination. Further work on both Rel-13 LC UE and EC mode are required before this aspect can be concluded.
Table 1. Network configuration based on Rel-13 LC UE and EC mode
	Use case
	NW support for Rel-13

LC UE
	NW support for EC mode
	NW configuration support description
	Comment

	A
	Yes
	No
	Rel-13 LC UE (in normal coverage mode) and other UEs
	These use cases assume network configuration with system BW greater than the narrow BW regions (Rel-13 WI).

	B
	Yes
	Yes
	Rel-13 LC UE and other UEs in normal or enhanced coverage mode
	

	C
	No
	Yes
	Any UE (excluding Rel-13 LC UE) in normal or enhanced coverage mode
	


Proposal 6. RAN2 to agree on specifying network independent indications in system information to convey the network support for Rel-13 LC UEs and EC mode.
Proposal 7. RAN2 to keep FFS on whether system information should have an independent indication of support for Rel-13 LC UEs operating in EC mode. 
4 Conclusion

In this contribution, we discussed some initial aspects on the Rel-13 WI on "Further LTE Physical Layer Enhancements for MTC ". The proposals are listed below:

Proposal 1. RAN2 to confirm RAN1 agreement that Rel-13 LC UE only handles a maximum TBS of 1000bits for unicast transmission (i.e. similar as cat.0 UEs) and receive one narrowband region (i.e. 6 contiguous PRBs) per subframe within the whole system bandwidth.

Proposal 2. RAN2 to agree that eNB might configure several "MTC regions" in a subframe; however, Rel-13 LC UE is only capable to use only one "MTC region" per subframe.
Proposal 3. RAN2 to wait for RAN1/4 progress before discussing the UE operation on DL/UL scheduling or other MAC functionality.
Proposal 4. RAN2 to confirm that Rel-12 agreement on cell selection is applicable for Rel-13 (i.e. it is up to UE implementation whether to access a cell in normal or enhanced coverage mode).

Proposal 5: RAN2 to confirm that Rel-12 agreement on indication of support of EC mode in SIB is application for Rel-13.
Proposal 6. RAN2 to agree on specifying network independent indications in system information to convey the network support for Rel-13 LC UEs and EC mode.

Proposal 7. RAN2 to keep FFS on whether system information should have an independent indication of support for Rel-13 LC UEs operating in EC mode. 
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6 Annex A

Main requirements of the Rel-13 WID "Further LTE Physical Layer Enhancements for MTC" [1]:
The general objective is to specify a new UE for MTC operation in LTE that also allows for enhanced coverage compared to existing LTE networks and low power consumption, with the following detailed objectives:

Specify a new Rel-13 low complexity UE category/type for MTC operation in any LTE duplex mode (full duplex FDD, half duplex FDD, TDD) based on the Rel-12 low complexity UE category/type supporting the following additional capabilities:

· Reduced UE bandwidth of 1.4 MHz in downlink and uplink.

· Bandwidth reduced UEs should be able to operate within any system bandwidth.

· Frequency multiplexing of bandwidth reduced UEs and non-MTC UEs should be supported. 

· The UE only needs to support 1.4 MHz RF bandwidth in downlink and uplink.

· The allowed re-tuning time supported by specification (e.g. ~0 ms, 1 ms) should be determined by RAN4.

· Reduced maximum transmit power.

· The maximum transmit power of the new UE power class should be determined by RAN4 and should support an integrated PA implementation.

· Reduced support for downlink transmission modes.

· The following further UE processing relaxations can also be considered within this work item:

· Reduced maximum transport block size for unicast and/or broadcast signalling.

· Reduced support for simultaneous reception of multiple transmissions.

· Relaxed transmit and/or receive EVM requirement including restricted modulation scheme. Reduced physical control channel processing (e.g. reduced number of blind decoding attempts).

· Reduced physical data channel processing (e.g. relaxed downlink HARQ time line or reduced number of HARQ processes).

· Reduced support for CQI/CSI reporting modes.

Target a relative LTE coverage improvement – corresponding to 15 dB for FDD – for the UE category/type defined above and other UEs operating delay tolerant MTC applications with respect to their respective nominal coverage. 

· The following techniques (which shall be applicable for both FDD and TDD) can be considered to achieve this:

· Subframe bundling techniques with HARQ for physical data channels (PDSCH, PUSCH)

· Elimination of use of control channels (e.g. PCFICH, PDCCH)

· Repetition techniques for control channels (e.g. PBCH, PRACH, (E)PDCCH)

· Either elimination or repetition techniques (e.g. PBCH, PHICH, PUCCH)
· Uplink PSD boosting with smaller granularity than 1 PRB
· Resource allocation using EPDCCH with cross-subframe scheduling and repetition (EPDCCH-less operation can also be considered)

· New physical channel formats with repetition for SIB/RAR/Paging

· A new SIB for bandwidth reduced and/or coverage enhanced UEs

· Increased reference symbol density and frequency hopping techniques

· Relaxed “probability of missed detection” for PRACH and initial UE system acquisition time for PSS/SSS/PBCH/SIBs can be considered as long as the UE power consumption impact can be kept on a reasonable level.

· The amount of coverage enhancement should be configurable per cell and/or per UE and/or per channel and/or group of channels. Relevant UE measurements and reporting to support this functionality should be defined.
· When defining the detailed solutions for the above coverage enhancement techniques, the work should strive to minimize divergence of solutions between the new UE category/type and other UEs. One possible approach is to require a ‘normal complexity UE’ configured with the coverage enhancement techniques to mimic some of the behaviours of a Rel-13 low complexity UE configured with the coverage enhancement techniques.

· The work with the physical layer control signalling (e.g. EPDCCH) and higher layer control signalling (e.g. SIB, RAR and Paging messages) should aim for a high level of commonality between the solutions for the new Rel-13 low complexity UEs and the solutions for coverage enhanced UEs.

Provide power consumption reduction for the UE category/type defined above, both in normal coverage and enhanced coverage, to target ultra-long battery life:
· When defining the detailed solutions for the Rel-13 low complexity UEs and the solutions for coverage enhanced UEs, strive to reduce active transmit/receive time. (e.g., minimizing the required number of repetitions by minimizing sizes of control messages).

· Modification, including redesign, addition or removal, of signals/channels can be considered if this can achieve significant power consumption reduction.

· Reduction of measurement time, measurement reporting, feedback signalling, system information acquisition, and synchronization acquisition time etc., can be considered if this can achieve significant power consumption reduction.

Half duplex FDD, full duplex FDD, and TDD should be supported but since half duplex operation is particularly beneficial from device complexity and power consumption point of view, the solutions specified within this work item should be optimized for half duplex FDD and TDD.

Reduced mobility support can be considered if this is needed to fulfil the objectives.

The agreements and working assumptions made during the initial work carried out during the corresponding Rel-12 work item should be used as a starting point when applicable.

7 Annex B

RAN2 agreements in Rel-12 enhanced coverage (EC) mode in RAN2#85 meeting:
· System Information Acquisition

· No need to introduce a new SIB unless we identify a SIB of which UEs in extended coverage mode would only need a small subset of the contained IEs. So far, no such SIB was identified. 

· With alternative 1a the UE either needs multiple soft buffers in order to store the soft values of the interleaved SI messages or it needs to read different SI messages subsequently, i.e., possibly in subsequent SIB modification periods. 

· Alt 1a seems to be a simple solution but it needs to be shown that the anticipated coverage can be achieved with SIB parameters that work also for a legacy network configuration without consuming too many resources and without causing excessive latency for legacy UEs.

· Cell (Re-)selection

· Cell selection is up to UE implementation also for extended coverage case, i.e., the UE determines whether it accesses the cell in legacy or coverage extension mode. 

· Some indication e.g. in SIB is needed so that the UE can determine whether the cell uses extended coverage mode. Details FFS (until we know what other information is required in which SIB (maybe RA resources provided in SIB may indicate this))

· Cell reselection priorities are FFS.

RAN2 agreements in Rel-12 low complexity new UE category and enhanced coverage (EC) mode in RAN2#84 meeting:
· Mobility
· "As starting point RAN2 assumes to support all existing functionality. We will only remove or exclude functionality if it provides clear benefits to do so. 

· CONNECTED Mode Mobility - Enhanced coverage capable UEs as well as low complexity capable UEs support the existing connected mode mobility procedures. It is up to the NW whether or not to use it (like today)."
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