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1. Introduction
This contribution considers the timing between the PDSCH and its associated ACK/NACK for an MTC UE [1] with Cross-Subframe Scheduling. The following agreement was reached regarding MTC Cross-Subframe scheduling in RAN1 #81:

· Confirm the following revised working assumption at RAN1#80bis meeting: For Rel-13 low complexity UEs in normal [FFS: small enhanced] coverage, under cross-subframe scheduling,
· Case 1:
· 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 
· FFS: whether and/or how to utilize PRBs not included in any narrowband of 6PRBs
· CSI measurements can be restricted to a subset of the available  narrow-bands
· FFS: details
· FFS: whether and/or how to  define a case (Case 2) that UE can assume PDSCH is scheduled in the same or a known (when frequency hopping is used) narrowband
· This doesn’t preclude predefined frequency hopping 
· Value of k in Case 1 is:
· k>=2
· RAN1 will select a single fixed value of k after receiving RAN4 input on retuning time
· Company should investigate impact on UE complexity of M-PDCCH decoding (R1-153082).
· When k > 2, RTT may need to be modified.
· Value of k in Case 2 is:
· k=1
· FFS: how to handle the subframe used for retuning in case of frequency hopping is applied
· FFS for the subframe n+k not allowed for PDSCH (e.g. PMCH, TDD, HD-FDD)
· The above overrides the RAN1#80bis agreements related to k.

The above agreement indicates that when k>2 the RTT may need to be modified. The implied reason is that there will not be sufficient time to respond with ACK/NACK when k>2. However, in the next section we illustrate that the RTT timing is an issue for k=2 as well. 

2. Timing Relationship between PDSCH and ACK/NACK
It was pointed out in [2] that when Cross-Subframe Scheduling is used there is less time for PDSCH processing in order to meet the ACK/NACK timing requirements. This was based on the assumption that the ACK/NACK response should be transmitted over uplink subframe n+4 when the MPDCCH was received in downlink subframe n. The agreement quoted in the previous section, that the RTT may need to be modified if k>2 also appears to be based on this assumption.
In Figure 1 below, we illustrate that using k=2 is also not a reasonable option if the above assumption on HARQ timing is used – i.e., if the ACK/NACK is assumed to be transmitted 4 subframes after the MPDCCH is received. We assume the maximum timing advance that is required to be supported – 667 us, corresponding to a 100 km cell radius. As can be seen in the figure, in this case there is only 333 us remaining for all the PDSCH and UCI processing. This is not sufficient to enable an efficient low complexity design.



Figure 1: Relationship between PDSCH and ACK/NACK timing assuming k=2 and the ACK/NACK is transmitted 4 subframes after the MPDCCH is received. A worst case timing advance is assumed of 667 us corresponding to a cell of 100 km radius. Only approximately 1/3 of a subframe remains for PDSCH and UCI processing.

Observation: Using k=2 with ACK/NACK reporting in uplink subframe n+4 when the MPDCCH is received in downlink subframe n does not enable an efficient low complexity design.

The preferred approach for Cross-Subframe Scheduling would be to transmit ACK/NACK 4 subframes after the PDSCH has been received. This is illustrated in Figure 2 below. This approach, which would work with larger k as well, has also been proposed in other contributions, e.g., [‎3‎-‎5]. This approach also naturally extends to the case of Coverage Enhancement when there are multiple PDSCH repetitions – the 4 subframes should be counted from the last received PDSCH repetition. 
Proposal: For Cross-Subframe Scheduling the ACK/NACK response should be transmitted 4 subframes after the last received PDSCH repetition.




Figure 2: Relationship between PDSCH and ACK/NACK timing assuming k=2 and the ACK/NACK is transmitted 4 subframes after the PDSCH is received. A worst case timing advance is assumed of 667 us corresponding to a cell of 100 km radius. 

We note that the ACK/NACK discussed here refers to the final response expected after the last PDSCH repetition. In case it is agreed to allow earlier transmissions of ACKs at predefined opportunities before the last PDSCH repetition, a generalization of the n+4 mechanism can be adopted as well.    
3. [bookmark: _GoBack]Conclusion
In this contribution we considered the timing relationship between the PDSCH and its associated ACK/NACK response transmitted over the uplink for MTC Cross-Subframe Scheduling. An observation and proposal were made:
Observation: Using k=2 with ACK/NACK reporting in uplink subframe n+4 when the MPDCCH is received in downlink subframe n does not enable an efficient low complexity design.
Proposal: For Cross-Subframe Scheduling the ACK/NACK response should be transmitted 4 subframes after the last received PDSCH repetition.


4. References

1. RP-150492, “Revised WID: Further LTE Physical Layer Enhancements for MTC”
2. R1-153082, “Issues with dynamically allocating the PDSCH narrowband region for MTC via DCI,” Sony, RAN1 #81, May 2015
3. [bookmark: _Ref427085667]R1-152539, “Timing Relationship for MTC,” Nokia, RAN1 #81, May 2015
4. [bookmark: _Ref427085668]R1-152613, “On Narrowband Operations and Timing Relationships for MTC,” Intel, RAN1 #81, May 2015
5. [bookmark: _Ref427085671]R1-153245, “PDSCH for MTC UE,” Interdigital, RAN1 #81, May 2015


oleObject2.bin
MPDCCH


PDSCH


Subframe n 


DL 


UL


Subframe n 


Subframe n+6


PUCCH



image1.emf
MPDCCH PDSCH

Subframe n 

DL

UL

Subframe n 

PUCCH

Subframe n+4

667 us 


oleObject1.bin
MPDCCH


PDSCH


Subframe n 


DL 


PUCCH


UL


Subframe n 


Subframe n+4


667 us 



image2.emf
MPDCCH PDSCH

Subframe n 

DL

UL

Subframe n  Subframe n+6

PUCCH


