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1 Introduction
On MTC physical channel timing relationships there are following agreements in RAN1#81 meeting:
RAN1#81 agreement:
· 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.

And parts of the original agreements are updated and agreed in RAN1#82bis meeting as
RAN1#82bis agreement:
· Confirm working assumption with updates:

· For Rel-13 low complexity UEs in normal and 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

And we made the following agreements:

RAN1#82bis agreement:
· For DL cross-subframe scheduling Case 1 without repetition and with repetition, PDSCH (new and re-transmissions) starts from the second valid downlink subframe after the end of the corresponding transmitted M-PDCCH with the given repetition level

· FFS whether there is impact of UL scheduling for HD-FDD and if so, how, etc.
· Working assumption: PUSCH HARQ operation for LC/CE UEs is synchronous

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

· At least adaptive PUSCH HARQ retransmission is supported for LC/CE UEs

· FFS whether to also support non-adaptive PUSCH HARQ retransmission

· FFS LC/CE UE should interpret absent/non-detected PUSCH HARQ feedback as ACK

This contribution provides analysis of support of case 2 and support of multiple HARQ processes in CE mode A/B. In the contribution especially the illustrations, DAi represents the DL assignment for HARQ process i, UGi represents the UL grant for HARQ process i; DLi and ULi represent the associated DL and UL data transmission for the corresponding HARQ processes respectively, and Ai represents HARQ feedback in PUCCH or M-PDCCH.
2 DL HARQ operation in CE mode A
2.1 DL timing relationships

· PDSCH-to-PUCCH

The timing between PDSCH and HARQ feedback on PUCCH mostly depends on the propagation delay, which can follow the existing part of HARQ timing. We propose the subframe interval is 4.
· M-PDCCH-to-PDSCH 

It was agreed that in case 1, PDSCH will starts from the second valid subframe, i.e. k=2 after the end of associated M-PDCCH repetitions. The support of case 2 is still FFS as well as the value of k in case 2.

In addition, in the current specification, the subframes in which the UE monitors EPDCCH UE-specific search spaces are configured by higher layers. We consider for M-PDCCH this signalling should be maintained because of the following benefits:

· Support of case 1 without UE behavior ambiguity;

· Enable case 2 for better throughput performance and UE power consumption reduction;
· Avoid increasing HARQ processes number in normal coverage 

The analysis is given below respectively.

2.1.1 Support of case 1 without UE behavior ambiguity
In total there are 8 DL HARQ processes for FDD as per the agreements. The intended operation by the agreement so far is illustrated in Figure 1.
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Figure 1. The intended operation of support of 8 DL HARQ processes with cross-subframe scheduling.
As observed in Figure 1 in normal coverage as an example, the NB of PDSCH are intended to be dynamically indicated to any possible NB that is available for DL transmission, which is likely to be different from the semi-statically configured NB of M-PDCCH. Such operation is aimed to obtain frequency selective scheduling flexibility for the UE, however would also lead to unstable possible lack of common understanding between eNB and UE as to UE behavior . From UE perspective the monitoring of control information is important; however it may likely to be indicated to another NB. If UE follows dynamic indication, in case of continuously scheduling by default, probably half of the M-PDCCHs of 8 HARQ processes, e.g. DA3, 4, 7, 8 in the example of Figure 1, will not be detected at all. The eNB cannot either dynamically send an unassociated M-PDCCH to the NB of PDSCH. One reason is that a UE will not expect M-PDCCH in the NB assigned for PDSCH unless it is specified to do so, and another reason is that there may be error spreading issue, i.e. if the initial M-PDCCH is not detected for some reason, both the scheduled PDSCH and unassociated M-PDCCH in the 2nd valid subframe and the same NB would be lost as well as the following PDSCH in later subframe(s).
Therefore we propose M-PDCCH is not continuously sent, and 
Proposal 1: In case 1, from UE perspective M-PDCCH scheduling unicast PDSCH is not expected in the subframe(s) that unicast PDSCH is scheduled for the UE unless the NBs for both are the same.
2.2 Support of case 2 for throughput performance and power consumption reduction

At least in CE mode A where coverage is not extremely poor, the network should allow a design for LC/CE UEs that the throughout performance can be reasonably maintained comparing to regular UEs. In case 1 assuming NBs of PDSCH is different from the NBs of M-PDCCH, according to the analysis in section 2.1, the throughput performance would significantly degrade due to non-continuously scheduling, i.e. ~50% of that of continuously scheduling. To achieve a similar throughput performance to normal UEs especially in normal coverage, PDSCH of multiple HARQ processes may be desirable to be transmitted during consecutive subframes, which can be simply done by assigning PDSCH to the same NBs of M-PDCCH. And in this case UE can know the NB without DCI indication, and unassociated M-PDCCH can be multiplexed in the same NB(s) and same subframe(s) simultaneously. Thus case 2 can be further supported and the timing gap due to cross-subframe scheduling can be shortened to k=1. This tight PDSCH transmission is also beneficial for UE power consumption reduction as transmission can be completed within shorter active time.
Proposal 2: Case 2 in CE mode A should be supported by UE receiving PDSCH and unassociated M-PDCCH in consecutive subframes.
2.3 Avoid increasing number of HARQ processes
It is clear because of the analysis above that, non-continuously scheduling is unavoidable for LC/CE UEs in some cases and is reasonable to allow that because of UE RF capability reduction. As also observed in Figure 1 due to cross-subframe scheduling and feedback transmission delay (~3ms), there would be 2 subframes where M-PDCCH cannot be transmitted or cannot be detected in accordance to any HARQ　process, which is similar to TDD case.
We don’t see strong benefits to increase the HARQ process number for this kind of issue only for TDD. And if we have more HARQ process number for both TDD and FDD, there would be impact on the legacy HARQ timing. Especially for TDD, it requires more standard efforts to specify the timing for each UL-DL configuration, and would require support of different timing design if allowing normal UE mimicking MTC traffic in CE mode A. So as long as non-continuous scheduling is allowed and the subframe(s) where M-PDCCH is not sent can be configured, the legacy HARQ operation should maintain. We have
Proposal 3: For TDD, if the UE is operating with no repetition, the same max number of DL and UL HARQ processes as for TDD Cat-0 UE in Rel-12. 
Proposal 4: The subframes in which the UE monitors M-PDCCH UE-specific search spaces in CE mode A are configured by higher layers, which is in line with the current specification.
3 UL HARQ operation in CE mode A
· M-PDCCH-to-PUSCH
The timing between M-PDCCH and PUSCH also mainly depends on the transmission delay, upon which the retuning time should be further taken into account as the UE would not know where to retune to unless it successfully decodes the associated M-PDCCH. The timing interval can be 4 subframes.
· PUSCH-to-M-PDCCH

For synchronous non-adaptive HARQ realized by PHICH, a (non-MTC) UE transmitting PUSCH at subframe n will expect to receive the ACK/NACK at subframe n+4. This timing can be maintained when M-PDCCH is used for PUSCH HARQ feedback due to transmission delay and UE processing time. Unlike the DL case where the legacy control region can be used for retuning, an example of 1 subframe reserved for retuning between different UL HARQ, e.g. UL1 and UL2, is considered in the discussion below. 
To allow maximum 8 UL HARQ processes when not puncturing any symbol of PUSCH in a subframe, similar to DL HARQ, the M-PDCCH monitoring subframes can be continuous or not, as respectively shown in Figure 2(a) and (b). Note when 1 subframe gap is reserved between PUSCH for retuning, the associated M-PDCCH may not use a retuning gap by 2 symbols in order to maintain the same RTT among multiple HARQ processes.
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(a) PUSCHs of multiple HARQs are always in the same narrowband and Rel-8 RTT is maintained
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(b) 1 subframe reserved between PUSCH of adjacent HARQs but overlapping issue happens
Figure 2. UL HARQ timing in normal coverage with 8 HARQ processes
In (a), the DCI indication of NB location of PUSCH is not useful for all HARQ processes except HARQ#1. The benefit is UL data rate can be relatively high and the RTT is kept the same as Rel-8. In (b), the low-complexity UE can obtain frequency diversity by dynamic scheduling. However there is overlapping issue between M-PDCCH carrying HARQ-ACK feedback and M-PDCCH for scheduling, i.e. UG5 and A1 shown in (b). Since no HARQ process ID provided in current physical downlink control channel for PUSCH scheduling, this overlapping would result in problem for UE to identify which HARQ the scheduling information is targeted. Although in this example this issue can be resolved by not reserving one subframe for retuning gap, similar scenario may occur when repetition is applied in CE mode A regardless the retuning time gap, as shown in another example below.
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Figure 3. UL HARQ timing example with multiple HARQ processes in CE mode A without subframes reserved as retuning gap
The overlapping issue can be resolved by the following approaches in general:

· To postpone A1 to be sent at a/some subframe(s) later. It can be the end of max supported HARQ processes, i.e. support synchronous HARQ by M-PDCCH; however the UL HARQ RTT will be prolonged in accordance to the number of HARQ processes and PUSCH bundle size.
· To differentiate the M-PDCCHs sent in the same subframes which are respectively used for scheduling new and re-transmission of PUSCH. The benefit is RTT for one HARQ is maintained to be the same as Rel-8 and synchronization HARQ by M-PDCCH is supported, which is quite useful for complexity reduction of R13 MTC UE processing and R13 regular UE mimicking MTC. On the other hand this may need more standard efforts on the design of DCI format/content.
· Rely on eNB scheduling to handle the issue, and allow the eNB to choose to delay one of the overlapped M-PDCCHs to another subframe. 
Considering MTC traffic is non-sensitive to delay, we have

Observation 1: eNB scheduling can be used to handle the transmission timing of M-PDCCHs which would otherwise overlap.
4 HARQ operation in CE mode B
4.1 DL timing relationships

· PDSCH-to-PUCCH

As PUCCH region is higher layer configured and PUCCH resource can be partly implicitly determined by M-PDCCH, the retuning time between PDSCH and corresponding PUCCH can be incorporated into the DL/UL switching. Thus, after PDSCH repetition ends at subframe n, PUCCH with repetition can be expected to start from subframe n+4 similar to the timing of that in normal coverage.
· M-PDCCH-to-PDSCH 

The timing gap of 1 subframe between M-PDCCH and corresponding PDSCH is necessary because of retuning time and decoding of M-PDCCH repetitions, which is also in line with the agreements that PDSCH is started from the second valid subframe, 1 subframe gap is inserted between the bundle of M-PDCCH and PDSCH repetition. 

Below it illustrates an example that M-PDCCH repetition number is 3, PDSCH repetition number is 5 and PUCCH repetition number is 3 when using the max HARQ process number of 2.  
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Figure 4. DL HARQ timing in coverage enhancement with k=2 between M-PDCCH and PDSCH
It is clear that during the repetition of PDSCH, M-PDCCH is not monitored. So the starting subframe(s) of M-PDCCH UE-specific search spaces in CE mode B is dependent on the length of PDSCH transmission. After the transmission of PDSCH repetition, there could be 1 subframe gap to start M-PDCCH, or no delay to start that by using legacy control region for retuning. So we have
Proposal 5: The starting subframe(s) in which the UE monitors M-PDCCH UE-specific search spaces in CE mode B are implicitly determined by the repetition of PDSCH transmission.
4.2 UL timing relationships

· M-PDCCH-to-PUSCH

The timing between M-PDCCH and PUSCH also mainly depends on the transmission delay, upon which the retuning time should be further taken into account as the UE would not know where to retune to unless it successfully decodes the associated M-PDCCH. The timing interval can be 4 subframes.

· PUSCH-to-M-PDCCH

Since max 2 HARQ processes are supported, the PUSCH to M-PDCCH timing in CE mode B is be able to be maintained as 4 subframes. 
5 Conclusions

In this contribution we analysis the timing relationships between UL/DL control and data channels for HARQ operation for CE mode A and B respectively. We have the following observation and proposals:

Proposal 1: In case 1, from UE perspective M-PDCCH scheduling unicast PDSCH is not expected in the subframe(s) that unicast PDSCH is scheduled for the UE unless the NBs for both are the same.
Proposal 2: Case 2 in CE mode A should be supported by UE receiving PDSCH and unassociated M-PDCCH in consecutive subframes.
Proposal 3: For TDD, if the UE is operating with no repetition, the same max number of DL and UL HARQ processes as for TDD Cat-0 UE in Rel-12. 
Proposal 4: The subframes in which the UE monitors M-PDCCH UE-specific search spaces in CE mode A are configured by higher layers, which is in line with the current specification.
Proposal 5: The starting subframe(s) in which the UE monitors M-PDCCH UE-specific search spaces in CE mode B are implicitly determined by the repetition of PDSCH transmission.
Observation 1: eNB scheduling can be used to handle the transmission timing of M-PDCCHs which would otherwise overlap.
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