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Discussion/Decision
1
Introduction
In RAN1 #82, the followings which are related to the timing and frequency relationship between control and data channels for MTC UE have been agreed as following [1]:
Agreement: 

· Handling of subframes not available for repetition

· Postpone repetitions till the next available subframe in case unavailable subframes are aligned between eNB and UE

· This is in line with the TDD behaviour of Rel-8 PUSCH TTI bundling and Rel-8 PUCCH HARQ-ACK repetition

· FFS whether or not there is misalignment between eNB and UE regarding the unavailable subframes and if so, how to handle

Agreement:

· YCH (frequency hopping granularity) is either predetermined or semi-statically configured (i.e., not dynamically indicated)

· FFS whether a single YCH value or multiple values are supported (e.g., for different coverage levels, for different channels, etc.)

· A cell-specific value of YCH is applicable at least for paging and RAR transmissions at least for the case when the repetition number is greater than the cell-specific value YCH
· FFS on paging and RAR with the repetition number is equal or smaller than YCH 
· FFS on other transmissions

Agreement:

· Confirm working assumption: At least in case the network supports enhanced coverage, frequency hopping for MTC-SIB1 is always used at least system bandwidth >= 5MHz.

· Option A: MTC-SIB1 frequency hopping takes place between 2 narrowbands in the cell.

· Option B: MTC-SIB1 frequency hopping takes place between 2 or 4 narrowbands as indicated in MIB.

· Working assumption: The mentioned narrowbands are determined based on cell ID and system bandwidth. 

· Working assumption: The hopping sequence between these narrowbands is determined based on cell id and subframe index (and/or SFN).

In this contribution, we discuss on the remaining issues on PDSCH for MTC UE.
2
Timing and Frequency Relationship
It has been agreed to support a cross-subframe channel estimation for a PDSCH transmission when a repetition is used for the coverage enhancement purpose. Furthermore, a frequency hopping of the reduced bandwidth within a system bandwidth across subframes is also supported since it can increase the frequency diversity gain. 
The cross-subframe channel estimation may not be applicable for normal coverage case since a precoder could be changed from a subframe to another and the gain from the cross-subframe channel estimation could be limited as well in relatively high SNR region. However, the frequency hopping could be beneficial for normal coverage case as well since it can provide frequency diversity gain for HARQ retransmission cases. For example, the soft combining of the first and second transmissions at the HARQ buffer may achieve the frequency diversity gain given that the time diversity gain is limited in low mobility case. Although the subband indication in DCI has been agreed as a working assumption for frequency selective scheduling, a predefined hopping pattern may be used as well to avoid unnecessary indication in the DCI if the link adaptation is based on open-loop mode of operation where long-term CSI is only applicable.

Proposal-1: predefined frequency hopping pattern is supported for MTC UEs in normal coverage as well.
Two options have been discussed how many narrowbands are used for the MTC-SIB1 frequency hopping. Given that a narrowband consists of 6 PRBs and non-overlapped, the number of narrowbands that is available for the frequency hopping is dependent on the system bandwidth. In general, a frequency hopping with a larger number of narrowbands provide benefits in terms of diversity gain and inter-cell interference randomize gain. On the other hand, the diversity gain can be saturated once it achieves the diversity order 4. Therefore, the number of narrowbands can be determined as one of {2, 3, 4} according to the system bandwidth.
Proposal-2: the number of narrowbands for MTC-SIB1 frequency hopping is determined based on the system bandwidth.
As proposed above, the number of narrowbands used for the frequency hopping can be determined as a function of the system bandwidth. Further, the frequency location of narrowbands (i.e. narrowband indices) should be cell-specific in order to randomize the inter-cell interference for the MTC-SIB1 transmission, thus allowing different set of narrowbands across neighbour cells.
Proposal-3: confirm the working assumption that the set of narrowbands for MTC-SIB1 frequency hopping is determined based on cell ID and system bandwidth.

Since the number of narrowbands is limited in a relatively small system bandwidth, the frequency location of MTC-SIB-1 can be further randomized within the determined narrowbands by using a simple modulo function with physical cell-ID and subframe number.
Proposal-4: a modulo function is used with cell-ID and subframe number to determine the narrowband index.

3
Conclusion
In this contribution, we discussed on the remaining issues on PDSCH for MTC UE in normal and enhancement coverage cases. From the discussions, we propose followings:
Proposal-1: predefined frequency hopping pattern is supported for MTC UEs in normal coverage as well

Proposal-2: the number of narrowbands for MTC-SIB1 frequency hopping is determined based on the system bandwidth.

Proposal-3: confirm the working assumption that the set of narrowbands for MTC-SIB1 frequency hopping is determined based on cell ID and system bandwidth.

Proposal-4: a modulo function is used with cell-ID and subframe number to determine the narrowband index.
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