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1. Introduction 
In RAN1#82bis the following was agreed on MPDCCH:

· The repetition R of the MPDCCH is indicated by 2-bit in the DCI

In RAN1#82bis we also agreed the following on HARQ processes:

· For HD-FDD, FD-FDD, and TDD, if the UE is operating with medium-to-large coverage enhancement 

· UE is expected to support no more than N=2 DL HARQ processes to receive unicast PDSCH

· UE is expected to support no more than M=2 UL HARQ processes to transmit PUSCH

· PDSCH HARQ operation for LC/CE UEs is asynchronous and adaptive 

· This is the same as in legacy operation

· Working assumption: PUSCH HARQ operation for LC/CE UEs is synchronous

· FFS adaptive and/or non-adaptive PUSCH HARQ retransmission for LC/CE UEs

In RAN1#82bis, we further agreed the following on SI:

· The maximum number of SI messages that can be acquired across SI windows is 4

This contribution discusses some considerations on MPDCCH repetition aspects based on these agreements.
2. Discussion
Since 2 bits are used to indicate MPDCCH repetition in the DCI, we assume that the maximum number of Repetition Level (RL) for MPDCCH is 4.  Consider an MPDCCH search space that has four Repetition Levels (RL) in Figure 1, where all the candidates with different RL start at the beginning of the search space time window, i.e., at time (0.  At time (1, the LC-MTC UE would try to decode all candidates with RL=R1.  If it fails to detect any MPDCCH, it would need to accumulate MPDCCH repetition samples for the next RL=R1 candidates (i.e. between time (1 and (2).  However, the LC-MTC UE cannot discard what it has already accumulated (from time (0 and (1) since repetition accumulations for potential candidates with R2, R3 & R4 are not complete.  In order to accumulate for the next R1 candidates, the LC-MTC UE would require additional buffer space.  For the RL arrangement in Figure 1, the LC-MTC UE would need a separate buffer for each RL.  If the LC-MTC UE does not have enough buffer space for all possible RL accumulations, then the buffer space would need to be shared among the different RLs.  For example, if the LC-MTC UE has enough buffer space to store MPDCCH repetition accumulation for two RLs, then it is possible for R3 and R4 candidates to share one buffer whilst R1 and R2 candidates share another buffer.  One possible RL arrangement for this case is shown in Figure 2.  Hence, it is observed that the arrangement of the candidates with different RL (e.g., their position in time within the search space) is dependent upon the LC-MTC UE buffer size for MPDCCH.

Observation 1: The arrangement of the candidates with different RL (e.g., their position in time within the search space) is dependent upon the LC-MTC UE buffer size for MPDCCH.
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Figure 1: MPDCCH search space in CE mode
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Figure 2: Sharing of MPDCCH buffer
It is of course in a UE vendor’s interest to minimise the buffer space to save cost. On the other hand, it is beneficial to the network vendor to maximise scheduling opportunities (and flexibility).  Having more scheduling opportunities can also be beneficial to the LC-MTC UE since it would facilitate the network maximising its throughput.

Observation 2: The amount of LC-MTC UE buffer space for MPDCCH repetition accumulation needs to be balanced with the number of MPDCCH scheduling opportunities (LC-MTC UE peak throughput) and scheduling flexibility of the eNB. 
In [1], it is suggested that the LC-MTC UE utilises unused HARQ buffer memory for storing of RL when monitoring MPDCCH candidates.  In idle mode, the LC-MTC UE may use the HARQ buffer for acquiring of up to 4 SIs, which still leaves sufficient HARQ memory for storing of four MPDCCH RLs since the DCI size is much smaller than the TB size typically transmitted in the PDSCH.  For Connected CE Mode B (large repetitions), the LC-MTC UE only needs to manage 2 HARQ processes in the downlink and hence there is sufficient memory to store all four MPDCCH RL.  For Connected CE Mode A (no and small repetitions), all 8 HARQ processes may be used for PDSCH and so there is no guarantee that the LC-MTC UE can use memory from HARQ processes to store MPDCCH RL (for MPDCCH search space that has multiple RL).
Observation 3: It is possible to utilise unused HARQ buffer memory for storing of MPDCCH RL in idle mode and in Connected CE Mode B.

Observation 4: HARQ buffer memory may not be available for storing MPDCCH RL in Connected CE Mode A.

The management of HARQ buffer memory is typically up to UE implementation.  However, since the candidate arrangement in the MPDCCH search space is dependent upon available memory at the UE, the amount of memory available needs to be known to the eNB either by specifying it in the specifications or the UE indicating the number of RL that it can store.

Proposal 1: The amount of memory available at the UE for storing of MPDCCH RL needs to be known to the eNB (e.g. specified in the specs or indicated by the UE).
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Figure 3: MPDCCH buffer for one RL accumulation

In the scenario where LC-MTC UE has enough buffer space for only one RL accumulation, the resultant search space is shown in Figure 3.  Here only a single time instance is feasible for each RL.  This would reduce the eNB scheduling opportunity and LC-MTC UE peak throughput especially if RL=R1 is used.  Hence, it would be beneficial if additional MPDCCH candidates or another (smaller) search space is added once an MPDCCH is scheduled to the LC-MTC UE.  An example is shown in Figure 4, where after scheduling MPDCCH with RL=R1 at time (1 and upon completing the PDSCH repetition (prior to time (4), another set of candidates are added (at time (4) to the remaining time of the search space.  This would allow the eNB to increase its scheduling opportunities and allow the LC-MTC UE to achieve its peak throughput.

Proposal 2: Allow addition of candidates/search space to an existing search space once an MPDCCH (with low RL) is scheduled.
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Figure 4: Adding candidates after a scheduled event

3. Conclusion

In this contribution we discuss the repetition aspects of MPDCCH search space.  We observe the following:

Observation 1: The arrangement of the candidates with different RL (e.g., their position in time within the search space) is dependent upon the LC-MTC UE buffer size for MPDCCH.
Observation 2: The amount of LC-MTC UE buffer space for MPDCCH repetition accumulation needs to be balanced with the number of MPDCCH scheduling opportunities (LC-MTC UE peak throughput) and scheduling flexibility of the eNB.
Observation 3: It is possible to utilise unused HARQ buffer memory for storing of MPDCCH RL in idle mode and in Connected CE Mode B.

Observation 4: HARQ buffer memory may not be available for storing MPDCCH RL in Connected CE Mode A.
We therefore propose the following:

Proposal 1: The amount of memory available at the UE for storing of MPDCCH RL needs to be known to the eNB (e.g. specified in the specs or indicated by the UE).
Proposal 2: Allow addition of candidates/search space to an existing search space once an MPDCCH (with low RL) is scheduled.
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