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1 Introduction

In RAN#65, a WI on a new UE for MTC operation [1] has been approved. According to the WID, three aspects for a new MTC UE are specified, a new low complexity UE category/type, coverage enhancement for a new UE category/type and other delay-tolerant MTC UEs, and power consumption reduction for the UE category/type.

In RAN1#79, regarding PDSCH transmission for a new low-complexity and coverage enhanced MTC UE, following agreements and working assumptions were made [2],
	Agreements:
· UE is not required to support simultaneous reception of more than one transport block for unicast transmission in a subframe at least for Rel-13 low complexity UE.

· Note that the transport block here refers to the ones carried by PDSCH

· UE is not required to support simultaneous reception of a transport block for unicast transmission and a transport block for broadcast transmission in a subframe at least for Rel-13 low complexity UE.

· If eNB schedules unicast and broadcast simultaneously to the same UE, the UE behaviour is FFS

· Note that the transport block here refers to the ones carried by PDSCH

· UE is not required to support simultaneous reception of multiple transport blocks for broadcast transmission (SIB/paging/RAR) in a subframe at least for Rel-13 low complexity UE in enhanced coverage.

· If eNB transmits multiple transport blocks for broadcast transmission simultaneously to the UE, in this case, the UE behaviour is FFS.

· Note that the transport block here refers to the ones carried by PDSCH

· The case of MBMS, if supported, is FFS

Working assumption:
· UE is not required to support simultaneous reception of multiple transport blocks for broadcast transmission (SIB/paging/RAR) in a subframe for Rel-13 low complexity UEs not in enhanced coverage

· If eNB transmits multiple transport blocks for broadcast transmission simultaneously to the UE, in this case, the UE behaviour is FFS.

· Note that the transport block here refers to the ones carried by PDSCH

· The case of MBMS, if supported, is FFS

Agreement:

· The maximum TBS for unicast transmission for Rel-13 low complexity UE is approximately 1000 bits.

Agreement:
· 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.
· Send LS to RAN4 regarding retuning time
· There were two companies in RAN1 considering an implementation composed of wideband RF and narrowband baseband

· In the discussion of retuning time and multiplexing of UE, RAN4 should also discuss how to handle DC subcarrier,  duplex distance for FDD, and channel raster within each link
Agreement:
· At least for unicast PDSCH transmission scheduled by ‘Physical downlink control channel for MTC’, cross-subframe scheduling is supported at least for Rel-13 UE supporting enhanced coverage


In this contribution, we provide some technical solutions for PDSCH transmission with respect to above aspects and agreements.
2 Rel-12 Agreements on PDSCH

In Rel-12, the following agreements were made for PDSCH coverage enhancements. 

Agreements: (RAN1#75)
· For UEs in enhanced coverage mode for MTC,
· Repetition of PDSCH across multiple sub-frames is supported.
· Multiple repetition levels in time domain are specified.

Agreements: (RAN1#75)
· For UEs in enhanced coverage mode for MTC, if/when PDSCH is indicated via (E)PDCCH:

· The relation of PDSCH timing to (E)PDCCH timing shall be known to UE and shall not be configurable by higher layer parameter dedicated only for this purpose and shall not be indicated by (E)PDCCH. FFS on how to derive it or fixed by spec.
· Assigned PDSCH is transmitted not before end of (E)PDCCH, i.e., if subframe n is the last (E)PDCCH repetition then PDSCH start n + k (k > 0)

Though that (E)PDCCH may be changed to physical downlink control channel for MTC, in principle, the agreements from Rel-12 in the above can be applied to Rel-13 MTC work. We do not see major issue to revert the previous agreements regarding PDSCH in consideration of low complexity from bandwidth reduction and power saving perspective. Thus, we propose the following.
Proposal 1: 

· For UEs in enhanced coverage mode for MTC,
· Repetition of PDSCH across multiple sub-frames is supported.

· Multiple repetition levels in time domain are specified.

· For UEs in enhanced coverage mode for MTC, if/when PDSCH is indicated via physical downlink control channel for MTC:

· The relation of PDSCH timing to physical downlink control channel for MTC timing shall be known to UE and shall not be configurable by higher layer parameter dedicated only for this purpose and shall not be indicated by physical downlink control channel for MTC. FFS on how to derive it or fixed by spec.
· Assigned PDSCH is transmitted not before end of physical downlink control channel for MTC, i.e., if subframe n is the last physical downlink control channel for MTC repetition then PDSCH start n + k (k > 0)

3 EPDCCH and PDSCH transmission timing
To discuss detailed EPDCCH transmission structure, we assumed following to reduce eNodeB scheduling and design complexity.

· From a UE perspective, the same number of subframe repetition on control channel or data channel is used in a narrowband region configured to monitor for unicast transmission. One way is to configure different narrowband region for UEs with different repetition number or required coverage enhancement levels. 

· Unicast narrowband region can be independently configured from narrowband region carrying SIB. 

Also, to reduce UE blind decoding complexity, it would be desirable that the interval between EPDCCH bundle transmission can start may be larger than the subframe number for EPDCCH bundle transmission.
In the last meeting, for unicast PDSCH transmission scheduling by physical downlink control channel for MTC, it was agreed that cross-subframe scheduling is supported for Rel-13 UE supporting enhanced coverage [2]. In this section, we discuss about detailed PDSCH transmission timing scheduling by physical downlink control channel for MTC requiring coverage enhancement.
To receive unicast PDSCH scheduled by EPDCCH, timing relationship between EPDCCH and PDSCH bundle transmission should be determined. Then, we can consider two options as follows.
· Option 1: Fixed timing offset between EPDCCH and PDSCH bundle
One way to assigning PDSCH transmission not before the end of EPDCCH transmission is to give a subframe gap between EPDCCH and PDSCH bundle as shown in Figure 1 (a). In other word, when the last subframe of EPDCCH transmission is subframe n, the first subframe of PDSCH transmission is subframe n+G, where G (G > 0) is a specified value.

· Option 2: Starting subframe restriction for PDSCH bundle
Instead of giving a relationship between EPDCCH and PDSCH bundle transmission, independent transmission timing between EPDCCH and PDSCH can be considered. Similar to the configuration of the possible starting subframes for EPDCCH bundle transmission, the possible starting subframes for PDSCH transmission can be restricted as shown in Figure 1 (b). In this case, for instance, PDSCH bundle transmission can be started at the closest PDSCH bundle transmission starting subframe after finishing EPDCCH transmission. When the last subframe of EPDCCH transmission is subframe n, the first subframe of PDSCH transmission is subframe n+G where the value of G depends on the location of the closest PDSCH bundle transmission starting subframe from subframe n. 
If we consider a scenario that UEs with various repetition levels are multiplexed at the same time, Option 1 could require higher eNodeB scheduling complexity than Option 2 since starting subframe of PDSCH transmission would depend on the subframe number for EPDCCH transmission. However, to reduce scheduling complexity, separating UEs with different repetition levels using FDM (e.g. sub-band division) or TDM would be desirable. Under this assumption, Option 1 which can minimize the latency for data reception would be more appropriate solution.
Proposal 2: Option 1 is preferred for timing relationship between EPDCCH and PDSCH transmission for coverage enhanced MTC UEs.
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Figure 1. EPDCCH and PDSCH bundle transmission in Option 1 (a) and Option 2 (b)
4 Handling of PDSCHs overlapping
According to the agreements and working assumption in the last meeting [2], a Rel-13 low-complexity UE is not required to receive more than one PDSCH in a subframe. Then, it is needed to discuss UE behaviour when more than one PDSCH are overlapped. There can be two cases for PDSCH overlapping. One is that more than one PDSCH bundle are overlapped so a UE needs to start receiving a new PDSCH bundle while receiving a PDSCH bundle, and the other one is that more than one PDSCH transmission is started in a same subframe so a UE needs to select one PDSCH to receive. For simplicity, the collision issue can be avoided by eNodeB scheduling. However, for example, in case of overlapping between unicast PDSCH and broadcast PDSCH, preventing collision solely by eNodeB scheduling may not be easily feasible or efficient as the eNodeB does not know when a UE reads broadcast PDSCH such as SIB. Therefore, UE behaviour when more than one PDSCH are transmitted needs to be defined.

We discuss about the overlapping issue of more than one PDSCH bundle transmission for a Rel-13 low-complexity UE. For example, this problem can be happened for SIB and unicast PDSCH bundle transmission as shown in Figure 2 (a). In this figure, it is assumed that a SIB bundle is transmitted on discontinuous subframes. In this case, unicast PDSCH can be scheduled while trying to receive SIB, so the UE cannot receive both PDSCHs in the overlapped subframes. Figure 2 (b) shows the other overlapping case of two PDSCHs. Subframes for two PDSCH bundles scheduled by corresponding EPDCCH can be overlapped when a PDSCH is scheduled before transmission of prior PDSCH bundle is finished. Then, it is not possible to receive two PDSCHs in the overlapped subframe period.

It might be possible that a UE receive more than two PDSCH bundles by receiving one PDSCH in the overlapped subframes, if overlapped subframes are not many like case in Figure 2 (a). However, for one PDSCH or both PDSCHs, the probability to decode successfully would be degraded. In addition, it would increase UE complexity and buffer size. Therefore, regarding the overlapping problem of more than one PDSCH bundle, it would be desirable a UE select one PDSCH bundle to receive. Particularly, if subbands used in both PDSCH are different, the issue becomes a bit more complicated. Then, we can take following two options into account to determine PDSCH bundle to receive.
· Option A: Defining priority among PDSCHs
In the overlapping case of two PDSCH, priority rule among PDSCHs can be defined, so that a UE can select one PDSCH to receive. At first, prioritization among RAR, Paging, SIB and unicast PDSCH would be required. For example, considering importance and receiving opportunity of each PDSCH type, priority can be given in the order of RAR, Paging, unicast PDSCH, and SIB. In the overlapping case of two unicast PDSCH bundles scheduled by EPDCCH as shown in Figure 2 (b), it can be prevented by eNodeB scheduling or configuring EPDCCH transmission period longer than subframe length of PDSCH bundle. If these preventing methods are not sufficient, priority can be given to prior PDSCH bundle among two PDSCH bundles. Another case to define priority rule is overlapping of unicast PDSCH bundle (scheduled by EPDCCH) and SPS PDSCH. In this case, unicast PDSCH bundle (scheduled by EPDCCH) can be given priority as legacy priority rule in the specification. This priority rule also can be applied to Rel-13 low-complexity UE not in enhanced coverage.
· Option B: Giving priority to PDSCH in reception (on-going PDSCH bundle)
Since low-complexity UE in enhanced coverage would require long time to receive data, dropping data in reception because of a new data reception with higher priority could be inefficient. To reduce UE complexity and energy waste, simple UE behavior can be considered such as always giving priority to PDSCH in reception. Then, a UE does not need to monitor other PDSCHs during receiving a PDSCH bundle. For example, if a UE is receiving SIB bundle as in case of Figure 2 (a), the UE is not required to monitor other PDSCHs even if unicast PDSCH is scheduled to the UE. Similarly, if two unicast PDSCH bundles are scheduled by EPDCCH as shown in Figure 2 (b), the priority is given to prior PDSCH bundle. 
However, when transmission of two PDSCH bundles are started in a same subframe, the priority rule in Option 2 cannot be applied and a UE should select one PDSCH to receive. In this case, a priority rule similar to Option A can be applied. Among RAR, Paging, SIB and unicast PDSCH would be required, priority can be given in the order of RAR, Paging, unicast PDSCH, and SIB. For unicast PDSCH (scheduled by EPDCCH) and SPS PDSCH collision, unicast PDSCH bundle (scheduled by EPDCCH) can be given priority as legacy priority rule in the specification. 
Proposal 3: UE behaviour when more than one PDSCH are transmitted simultaneously needs to be defined.
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Figure 2. Overlapping cases of more than one PDSCH bundle transmission
5 Redundancy version for repetition and retransmission
For PDSCH transmission for MTC UEs in enhanced coverage, repeated PDSCH could be transmitted over multiple subframes bundle. If a UE failed to decode PDSCH, the PDSCH bundle could be retransmitted as depicted in Figure 3. In legacy PDSCH transmission, PDSCH is transmitted via one subframe, and the redundancy version (RV) for the PDSCH transmission is indicated by DCI. For retransmission, the RV can be changed depending on DCI indication. Unlike to legacy PDSCH transmission, PDSCH is transmitted over multiple subframes for coverage enhanced MTC UEs. Then, it would be necessary to discuss the UE assumption for RV value used for repeated PDSCH and retransmitted PDSCH.
For RV value for PDSCH repetition and retransmission, we discuss two considerable methods.
· Option I: Equal RV value during repetition
First option we can consider is to use equal RV value during repetition. In this case, RV used during PDSCH repetition (PDSCH bundle transmission) can be indicated by DCI. For retransmission of PDSCH bundle, the new RV value can be indicated by DCI so the value can be changed.
· Option II: Different RV value during repetition
The other option is changing RV value for each subframe for PDSCH repetition (PDSCH bundle transmission). For example, similar to TTI bundling for PUSCH, a fixed pattern for RV value (e.g. 0, 2, 3, 1, 0, 2, 3, 1, …) can be used during PDSCH repetition. Then, a UE can collect transport blocks with different RVs during a PDSCH bundle reception. In this case, if RV pattern is fixed and same RV pattern can be used for PDSCH bundle retransmission, RV field in DCI can be removed or used for other purpose. On the other hand, there can be multiple RV patterns, and RV field in DCI can indicate the RV pattern used for a PDSCH bundle transmission.
Both options are simple and considerable. However, in some cases, decoding performance of Option II could be better than Option I. When PDSCH does not use low MCS, a UE could receive only a part of encoded transport block then the decoding success probability would be reduced. On the other hand, in Option II, whole encoded transport block could be received. Moreover, Option II could enhance decoding performance since it can obtain more time diversity. Similar transmission structure with Option II is already existed in TTI bundling for PUSCH, so it can be natural to choose to RV value for PDSCH repetition and retransmission.
Proposal 4: Option II is preferred for RV value for PDSCH repetition and retransmission.
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Figure 3. Repetition and retransmission of PDSCH
6 Conclusion 
In this contribution, we discussed about PDSCH transmission for Rel-13 low-complexity UE. Based on discussion, we obtained following proposals. 
Proposal 1: 

· For UEs in enhanced coverage mode for MTC,
· Repetition of PDSCH across multiple sub-frames is supported.

· Multiple repetition levels in time domain are specified.

· For UEs in enhanced coverage mode for MTC, if/when PDSCH is indicated via physical downlink control channel for MTC:

· The relation of PDSCH timing to physical downlink control channel for MTC timing shall be known to UE and shall not be configurable by higher layer parameter dedicated only for this purpose and shall not be indicated by physical downlink control channel for MTC. FFS on how to derive it or fixed by spec.
· Assigned PDSCH is transmitted not before end of physical downlink control channel for MTC, i.e., if subframe n is the last physical downlink control channel for MTC repetition then PDSCH start n + k (k > 0)

Proposal 2: Option 1 (in Section 3) is preferred for timing relationship between EPDCCH and PDSCH transmission for coverage enhanced MTC UEs.
Proposal 3: UE behaviour when more than one PDSCH are transmitted simultaneously needs to be defined.
Proposal 4: Option II (in Section 5) is preferred for RV value for PDSCH repetition and retransmission.
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