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1. Introduction
With the context of VoLTE enhancements as well as for non-VoLTE, RAN1#87 agreement– 
 which basically suggests modifying timing relationships between physical channels, compared to that of Rel-13.  RAN1#87 agreement on adjusted scheduling relationships between physical channels:
· Introduce a dynamic timing relationship between PDSCH and HARQ-ACK controlled by the DCI
· This adjusted timing relationship is enabled by a new optional 1-bit UE-specific RRC configuration parameter
· FFS whether to introduce a dynamic timing relationship between UL grant and PUSCH
· If introduced, this will not require the introduction of any additional RRC parameters.
· FFS whether to introduce a dynamic timing relationship between DL assignment and PDSCH
· If introduced, FFS whether the modified scheduling delay is implicitly detected based on guard-subframe timing
· Note that this enhancement is not limited to VoLTE


2. PDSCH to HARQ-ACK timing relationship
It was agreed in RAN1#87 to introduce dynamic timing relationship between PDSCH to HARQ feedback. The motivation was mentioned in [3] for VoLTE use-case, as way to utilize more subframes of each transmission interval and by that to improve coverage (more room for retransmission). 
We mention here that to support HARQ-ACK bundling feature under this WI, we will already introduce adjusted timing relationship between PDSCH to HARQ-ACK. So this means that this functionality is beneficial for two use cases, and no new functionality is needed 
 Observation:  dynamic timing relationship between PDSCH and HARQ-ACK will already be introduced by the HARQ-ACK feature of Rel-14 feMTC
For this reason, we prefer not to duplicate the design nor the specification to achieve one functionality. In [1] we proposed a simple method for defining adjusted PDSCH to HARQ-ACK timing relationship to support HARQ-ACK bundling. This method can equally be re-used for VoLTE. Specifically for VoLTE the data rate is quite low (~10kbps) and no need to bundle the HARQ-ACKs, but as we emphasized in [1], whether HARQ-ACK are bundled or not is really up to eNB scheduling decision and the way it uses the adjusted delays. Therefore no problem of avoiding it, if not needed.
In our view, it is not even needed to use two separate RRC parameters to trigger almost the same functionality. 
Proposal#1:  support of dynamic timing relationship between PDSCH and HARQ-ACK is used in the same way as it is defined for the purpose of HARQ-ACK bundling. FFS if enabled with same RRC parameter 

3. MPDCCH to PUSCH timing relationship
Another proposal related to VoLTE enhancements was to allow a delayed PUSCH transmission upon detection of MPDCCH carrying UL grant. With reviewing the examples given in [6] such as enhancement is not sure to be needed. For example, in [6] it is described that if Rmax=8 then MPDCCH search space opportunities limit the coverage. But in scenario1 there is no problem sending the UL grant 12ms later than the DL grant. This is in particular possible with the adjusted HARQ-ACK delay enhancement described above. 
[bookmark: _GoBack]Also, based on previous link simulations [4][5], for 40ms cycle using 32 PUSCH repetitions and 4 PDSCH repetitions is a more balanced configuration in that the channel coverage is more similar. In the example of [6] with using 8 PDSCH repetitions and ~24 PUSCH repetitions means MCL of PUSCH is much weaker. So with 4 PDSCH repetitions it also solves the problem. 
Proposal#2: dynamic timing relationship between UL grant and PUSCH is not introduced for Rel-14 feMTC  
4. MPDCCH to PDSCH timing relationship 
Cross-subframe scheduling specifies fixed timing relationship such that MPCDCH ends at subframe #N schedules a PDSCH at subframe #N+2. While this was introduced to reduce complexity, it also limits the efficiency in two ways – 
· Control channel flexibility – MPDCCH cannot be scheduled in the 2 subframes before retuning
· Data rate limitation – PDSCH cannot be sent in the 2 subframes after retuning
This is shown in the figure below where 3 PDSCH TB are scheduled and HARQ RTT is 10ms. Notice that MPDCCH cannot be sent in subframe#3 or subframe#4 (it can actually be sent, but its scheduling will have no meaning). Also, PDSCH cannot be sent in subframes #0 or subframe #1 (same will apply to subframes#0 and #1 in the next frame and so on). 
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Figure 1
Assume now that 5 PDSCH should be sent - we will get a peak data rate of . On the other hand, if we stick with cross-subframe scheduling we will only get a peak-data rate of  → +20% gain! For the general case where N PDSCH subframes to be sent, the gain (in %) will be 2/(N+5)*100

To allow this additional flexibility we will need to consider that some of the MPDCCH carrying DL grants are considered to be “delayed DL grants”, where delayed in the sense that instead of the PDSCH being scheduled at #N+2, it will be scheduled at a later subframe. More specifically, the other timing relationship will be #N+7 as shown in the figure below with M4 and M5 being “delayed DL grant” with scheduling delay of N+7 instead of N+2.
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Figure 2
Observation:  to benefit from the gain of adjusted MPDCCH-PDSCH timing relationship, it is only needed to introduce a single additional timing relationship of N+7
From specification perspective, to support this can be either through (a) implicit manner, based on position of guard-subframe or (b) explicit indication. 
Option (a) means that if UE detects MPDCCH just before switch subframe, it understands the scheduling delay is N+7. This requires no signaling, but is not so  robust to miss-detection errors which will lead to undesired behavior. For example, in the above figure, if UE miss-detect M1 and will not know subframe#5 should be guard-subframe, then it will confuse with detection of M4 and M5.
Therefore option (b) is a preferred solution probably. This can be implemented with a 1-bit flag just to indicate to the UE whether scheduling delay is applied or not. 
Proposal#3: adjusted MPDCCH-PDSCH scheduling delay is adopted with a 1-bit flag
Conclusions
In this contribution we presented our view with regard to adjusted timing relationships between different physical channels. Our proposals – 
Proposal#1:  support of dynamic timing relationship between PDSCH and HARQ-ACK is used in the same way as it is defined for the purpose of HARQ-ACK bundling. FFS if enabled with same RRC parameter 
Proposal#2: dynamic timing relationship between UL grant and PUSCH is not introduced for Rel-14 feMTC  
Proposal#3: adjusted MPDCCH-PDSCH scheduling delay is adopted with a 1-bit flag
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