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1 Introduction
On PDSCH time and frequency resource determination there are following agreements made in the last meeting.
Agreements:
· PDSCH narrowband location in the first subframe containing PDSCH which is scheduled by EPDCCH:

· Option 1: Dynamic narrowband location indicated by DCI

· Option 2: Same narrowband location as the associated EPDCCH

· Option 3: Known narrowband location

· FFS: Which Option to select may depend on amount of required coverage enhancement

· It means one or two option(s) in total
· From RAN1#80 agreement: for Rel-13 MTC UEs in enhanced coverage, if subframe n is the last physical downlink control channel for MTC repetition then PDSCH start n + k (k > 0)

· Value of k is:

· Option 1: k is fixed

· Option 1-A: k=1 or 2, where PDSCH is allowed to use a different narrowband from the associated EPDCCH

· RAN1 will select a single value of k after receiving RAN4 input on retuning time

· Option 1-B: k=1, where PDSCH always use the same narrowband location as the associated EPDCCH

· FFS for the subframe n+k not allowed for PDSCH (e.g. PMCH, TDD, HD-FDD)

· Option 2: k is variable

· When not operating coverage enhancement, Option 1 is used when cross-subframe scheduling is used
· FFS: Which Option to select may depend on amount of required coverage enhancement

Working assumption:
· For Rel-13 low complexity UEs in normal coverage, cross-subframe scheduling (k > 0),

· For unicast PDSCH, DCI indicates one of narrow-band and further indicate resource allocation within narrow-band 

· This doesn’t preclude predefined frequency hopping 

· FFS: Details on resource allocation field in DCI 

· CSI measurements can be restricted to a subset of the available narrow-bands

· FFS: details

Agreements:
· For a Rel-13 low complexity UE not operating coverage enhancements:
· Multiplexing of ‘Physical downlink control channel for MTC’ and un-associated PDSCH in the same subframe to the same UE is supported.

· When the UE is not required to retune to other narrowband region due to monitoring of PSS/SSS, PBCH, SIB, paging occasion, etc.,

· In FD-FDD, the UE can receive PDSCH and transmit PUSCH in every subframe.

· In TDD, the UE can either receive PDSCH or transmit PUSCH in every subframe.

· In HD-FDD, the UE can either receive PDSCH or transmit PUSCH in most subframes (i.e. more than half of the subframes).

This contribution analyzes the candidate options for indication of the first and/or later PDSCH narrowband scheduled by EPDCCH, and some other FFS points.
2 Frequency location 
Due to bandwidth reduction, a narrowband of 6-PRB-set for a MTC UE can be used for PDSCH transmission. Then for system bandwidths supported in current LTE system, the possible number of available MTC narrowbands over system bandwidth would be limited, e.g. 4 to 5 narrowbands with overlapping can be assigned to different MTC UEs within 5MHz system. The number would be larger as system bandwidth increases, and for a 20 MHz system it could be approximately 16 if there is no overlapping among narrowbands. Thus, selection mechanism among available MTC narrowbands is necessary for a low-complexity U before its PDSCH transmission starts. The only information about that can be obtained from the associated EPDCCH in previous subframe and/or specification predefined. 
2.1 Using option 1

If this indication is only provided by DCI, i.e. option 1 as identified, there would be full flexibility for MTC UEs to transmit PDSCH across the whole possible system bandwidth. To realize this, Maximal 4 bits are needed in the associated DCI as analyzed above without overlapping among multiple PDSCH narrowbands. The benefit of flexible scheduling could be frequency diversity gain from UE perspective and better spectral efficiency from eNB perspective, but this may also cause large signalling overhead due to EPDCCH repetition in large coverage enhancement. 
2.2 Using option 2

If the assigned PDSCH is restricted to always occupy the same narrowband as associated EPDCCH as option 2, there would be no need to provide any explicit information for the location of assigned PDSCH narrowband. This is easy implementation as no retuning is needed for MTC UE. One thing needs consideration may be that the available MTC resource could be massive across multiple subframes. After the first PDSCH is restricted to the same narrowband location as the associated EPDCCH, the only way for the subsequent PDSCH to change its location is frequency hopping. And even in normal coverage the scheduled PDSCH is allowed to be in the subsequent subframe, the available downlink MTC resource should be able to be variable to benefit from cross-subframe scheduling. In our opinion, this actually could be one specific case as analyzed in section 2.3.
2.3 Using option 3

The option 3 enables different narrowbands used for first subframe of PDSCH without DCI indication. Thus no impacts on DCI design if introduced for MTC UE. Option 3 could further be performed by several approaches: Higher layer signalling, fixed or pre-defined narrowband location. 
HL signalling
By higher layer signalling the possible PDSCH narrowband(s) is given in a semi-static manner for the UE to search among. There should be some obvious gain before increasing UE blind detection, but for this case, the main system efficiency gains are with more dynamic selection in physical layer, so this approach seems not practical. 
Fixed or predefined
This is generally a specification assisted manner. The pre-known location could be pre-defined narrowband(s) according to explicitly rules, e.g. a fixed offset apart from the narrowband location of EPDCCH and the offset could be zero then option 3 fallbacks to be option 2 as mention above. For coverage enhancement case, a fixed hopping pattern is preferred as some frequency diversity gain can be acquired to compensate the performance loss of flexibility, at the same time it would not increase signalling overhead due to DCI repetition.
In summary, if flexibility is desired in for example normal coverage and small coverage enhancement, to indicate PDSCH narrowband location by DCI is preferred regardless same narrowband as EPDCCH or not. The necessary indication bits are acceptable. In large coverage enhancement where anyway PDSCH transmission cannot be dynamically changed in several subframes and considering the significant signalling overhead via DCI, a pre-known location for the first PDSCH with subsequent PDSCH hopping during repetition would be very promising. 
Therefore we have
Proposal 1: Confirm the working assumption at least for the following parts
· For Rel-13 low complexity UEs in normal coverage, cross-subframe scheduling (k > 0),

· For unicast PDSCH, DCI indicates one of narrow-band and further indicate resource allocation within narrow-band 

· This doesn’t preclude predefined frequency hopping 

· FFS: Details on resource allocation field in DCI
Furthermore, 
Proposal 2: For low-complexity UEs, PDSCH narrowband location in the first subframe containing PDSCH which is scheduled by EPDCCH

· is known with a fixed offset from the narrowband location of associated EPDCCH in at least large coverage enhancement

· otherwise is indicated in DCI
3 Timing relationship
For unicast transmission for MTC UE in enhanced coverage, cross-subframe scheduling is used due to DCI repetition, restricted UE complexity, and more decoding time of repeated EPDCCH. As for the delayed gap value k, there are proposals stating that it should not be fixed. Because there could be UEs with different repetition levels mixed in one narrowband for EPDCCH, and then the repetition number of associated PDSCHs are different in the subsequent subframes. Also there is consideration that even during repetition of PDSCH transmission for a low-complexity UE, the repetition number might be changed dynamically because of such as PSD boosting. When many UEs within the same cell require small amounts of coverage enhancement
, there might be some benefits to give eNB this flexibility. However when in need of large coverage enhancement, UE is not expected to wait for any other UE and a tied PDSCH closely following its EPDCCH will help UE reduce power consumption. Thus, k could be fixed to a single value as per RAN4 input on retuning time, e.g. 2 for EPDCCH decoding. 
Proposal 3: At least for low-complexity UEs in need of large coverage enhancement, k is fixed.
4 Conclusions
In this contribution the possible options for narrowband location determination for the first PDSCH scheduled by EPDCCH are analyzed. As explained option 2 can be a specific case in option 3
Proposal 1: Confirm the working assumption at least for the following parts
· For Rel-13 low complexity UEs in normal coverage, cross-subframe scheduling (k > 0),

· For unicast PDSCH, DCI indicates one of narrow-band and further indicate resource allocation within narrow-band 

· This doesn’t preclude predefined frequency hopping 

· FFS: Details on resource allocation field in DCI
Proposal 2: For low-complexity UEs, PDSCH narrowband location in the first subframe containing PDSCH which is scheduled by EPDCCH

· is known with a fixed offset from the narrowband location of associated EPDCCH in at least large coverage enhancement

· otherwise is indicated in DCI
Proposal 3: At least for low-complexity UEs in need of large coverage enhancement, k is fixed.
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