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Introduction
This document discusses start timing indication method of NB-PDSCH and NB-PUSCH. It proposes the indication method of the starting subframe of NB-PDSCH/NB-PUSCH is counted from the starting subframe of the search space.

Discussion
In eMTC, the starting timing of PDSCH/PUSCH is determined relative to the end of MPDCCH. UE is allowed to have early decoding of MPDCCH but UE needs to know the end of MPDCCH. Even if not using early termination of MPDCCH, to detect the end of the MPDCCH repetition blindly is complex processing. Therefore, the number of the repetition of MPDCCH is indicated in DCI [1][2][3].

In NB-IoT, following were agreed relating to the starting timing of PDSCH/PUSCH. Therefore, the starting subframe of NB-PDSCH/NB-PUSCH are flexible relative to the end of NB-PDCCH. 
	Agreement: 
· DL and UL scheduling delays are indicated in DCI
· number of delay values that can be signalled for the UL scheduling delay is less than the number of values for the DL 
· FFS the number of values and the sets of values. 

Agreements:
· The start of NB-PUSCH transmission is >=8ms later than the end of its associated NB-PDCCH transmission

Working Assumptions:
· The start of NB-PDSCH transmission is >=4ms later than the end of its associated DL assignment




As the flexible indication method of NB-PDSCH/NB-PUSCH, following methods are identified.
Method 1: NB-PDCCH repetition number is indicated. NB-PDSCH/PUSCH starting subframe is defined relative to the end of NB-PDCCH candidate.
Method 2: NB-PDCCH repetition number is not indicated. NB-PDSCH/PUSCH starting subframe is defined relative to the start of NB-PDCCH search space.
Method 3: NB-PDCCH repetition number is not indicated. NB-PDSCH/PUSCH starting subframe is defined relative to the start of the NB-PDCCH candidate.
The illustration of 3 methods are shown Fig.1.


Fig.1 Illustration of 3 methods.

In method 1, two values, i.e. NB-PDCCH repetition number and NB-PDSCH/PUSCH starting subframe position are indicated. Therefore, within the same flexibility of the starting subframe of NB-PDSCH/PUSCH, DCI size is increased or flexibility of the starting subframe is limited compared with method 2 and method 3. 
In method 3, NB-PDCCH repetition number is not indicated. Therefore, UE needs to detect where is the start of NB-PDCCH candidate. For NB-PDCCH candidate not starting from the beginning of the search space, there are possibility that CRC is falsely detected as passed.
Method 2 does not have the dependency to the detected NB-PDCCH subframe nor the number of NB-PDCCH repetition. Therefore, UE has the full flexibility on how to receive NB-PDCCH relating to the early decoding. eNB also has more flexibility on the NB-PDSCH/PUSCH starting subframe. In method 1, the starting subframe of NB-PDSCH/PUSCH for shorter repetition number of NB-PDCCH may be only indicated rather shorter timing difference, where these could be collided with the other NB-PDCCH candidates for the other UEs. Method 3 does not have such restriction of the starting subframe of NB-PDSCH related to the number of NB-PDCCH repetition number.
If the resource usage (in time and/or frequency) of NB-PUSCH ACK/NACK only  is determined by the starting timing of NB-PDCCH (like ECCE index), method 2 does not work well as it does not indicate where was NB-PDCCH. On the other hand, NB-PUSCH ACK/NACK only is transmitted after the end of NB-PDSCH. The end of NB-PDSCH varies depending on the number of NB-PDSCH repetition. Therefore, if the NB-PUSCH ACK/NACK only resource usage (in time and/or frequency) is implicitly obtained, it should be obtained from the end of NB-PDSCH resource usage (timing) or fixed position like proposed in [4].
From above discussion, we propose to take method 2.
Observation 1: NB-PDCCH repetition number is not indicated. NB-PDSCH/PUSCH starting subframe is defined relative to the start of NB-PDCCH search space.
Observation 2: If the NB-PUCCH resource usage (in time and/or frequency) is implicitly obtained, it is obtained from the end of NB-PDSCH resource usage (timing) for fixed position.

In the email discussion [84-06], following search space were agreed.
	 For NB-PDCCH UE-specific search space: 
UE monitors one of the following sets of {AL, #repetition, #blind decodes}:
o   {1, 1, 2}, {2, 1, 1}                                                                      for Rmax = 1
o   {1, 1, 2}, {2, 1, 1}, {2, 2, 1}                                                      for Rmax = 2
o   {2, 1, 1}, {2, 2, 1}, {2, 4, 1}                                                      for Rmax = 4
o   {2, Rmax /8, 1}, {2, Rmax /4, 1}, {2, Rmax /2, 1}, {2, Rmax, 1}   for Rmax >= 8
For an NB-PDCCH candidate with number of repetitions Ri, UE needs to blind decode every Ri valid subframes from the start of the search space to the end of the search space.
The duration of a search space is Rmax valid subframes.
For NB-PDCCH common search space for RAR/Msg3 retransmission/Msg4:
UE monitors one of the following sets of {AL, #repetition, #blind decodes}:
o   {2, 1, 1}                                                                                     for Rmax = 1
o   {2, 1, 1}, {2, 2, 1}                                                                      for Rmax = 2
o   {2, 1, 1}, {2, 2, 1}, {2, 4, 1}                                                      for Rmax = 4
o   {2, Rmax /8, 1}, {2, Rmax /4, 1}, {2, Rmax /2, 1}, {2, Rmax, 1}   for Rmax >= 8
For an NB-PDCCH candidate with number of repetitions Ri, UE needs to blind decode every Ri valid subframes from the start of the search space to the end of the search space.



As one can see, the search space definition relies on the configuration of Rmax for the search space. When the number of NB-PDCCH repetition increases, the number of NB-PDSCH/PUSCH repetition also increases. Therefore, it is useful to have larger timing granularity of NB-PDSCH/PUSCH starting subframe when NB-PDCCH repetition number increases. Therefore, we propose the indication method of starting timing of NB-PDSCH/PUSCH is scaled by Rmax as the default configuration. The minimum repetition time of NB-PDCCH is Rmax /8.  Therefore, the first starting position candidate is located Rmax /8 plus minimum processing time. The network has the responsibility of the collision between NB-PDCCH and PDSCH. It would be also useful to have the possibility to configure separate value for the scaling value as it allows the flexibility of the PDSCH repetition number and NBPDCCH repetitions. We think 5 bits for NB-PDSCH starting subframe indication and 4 bits for NB-PUSCH starting subframe indication are sensible choice. Therefore, we propose following as starting subframe indication. We also propose to confirm the working assumption "the start of NB-PDSCH transmission is >=4ms later than the end of its associated DL assignment".

Proposal 1: The starting subframe of NB-PDSCH candidates indicated by DCI are following.
Rud is cell specific configuration. If Rud is not configured, Rud = Rmax/8.
{4+ Rud, 4+ 2Rud, 4+ 3Rud, 	4+ 4Rud, 4+ 5Rud, 4+ 6Rud, 4+ 7Rud, 4+ 8Rud, 
4+ 10Rud, 4+ 12Rud, 4+ 14Rud, 4+ 16Rud, 4+ 18Rud, 4+ 20Rud, 4+ 22Rud, 4+ 24Rud,
4+ 30Rud, 4+ 34Rud, 4+ 38Rud, 4+ 42Rud, 4+ 46Rud, 4+ 50Rud, 4+ 54Rud, 4+ 58Rud,
4+ 66Rud, 4+ 74Rud, 4+ 82Rud, 4+ 90Rud, 4+ 98Rud, 4+ 106Rud, 4+ 114Rud, 4+ 124Rud} after the starting subframe of NB-PDCCH.

Proposal 2: The starting subframe of NB-PUSCH candidates indicated by DCI are following.
Ruu is cell specific configuration. If Ruu is not configured, Ruu = Rmax/8.
{8+ Ruu, 8+ 2Ruu, 8+ 3Ruu, 	8+ 4Ruu, 8+ 5Ruu, 8+ 6Ruu, 8+ 7Ruu, 8+ 8Ruu, 
8+ 10Ruu, 8+ 12Ruu, 8+ 14Ruu, 8+ 16Ruu, 8+ 18Ruu, 8+ 20Ruu, 8+ 22Ruu, 8+ 24Ruu,
8+ 30Ruu, 8+ 34Ruu, 8+ 38Ruu, 8+ 42Ruu, 8+ 46Ruu, 8+ 50Ruu, 8+ 54Ruu, 8+ 58Ruu } after the starting subframe of NB-PDCCH.



Fig.2 Illustration of PDSCH candidate starting timing


Conclusion
We propose following.
Proposal 1: The starting subframe of NB-PDSCH candidates indicated by DCI are following.
Rud is cell specific configuration. If Rud is not configured, Rud = Rmax/8.
{4+ Rud, 4+ 2Rud, 4+ 3Rud, 	4+ 4Rud, 4+ 5Rud, 4+ 6Rud, 4+ 7Rud, 4+ 8Rud, 
4+ 10Rud, 4+ 12Rud, 4+ 14Rud, 4+ 16Rud, 4+ 18Rud, 4+ 20Rud, 4+ 22Rud, 4+ 24Rud,
4+ 30Rud, 4+ 34Rud, 4+ 38Rud, 4+ 42Rud, 4+ 46Rud, 4+ 50Rud, 4+ 54Rud, 4+ 58Rud,
4+ 66Rud, 4+ 74Rud, 4+ 82Rud, 4+ 90Rud, 4+ 98Rud, 4+ 106Rud, 4+ 114Rud, 4+ 124Rud} after the starting subframe of NB-PDCCH.

Proposal 2: The starting subframe of NB-PUSCH candidates indicated by DCI are following.
Ruu is cell specific configuration. If Ruu is not configured, Ruu = Rmax/8.
{8+ Ruu, 8+ 2Ruu, 8+ 3Ruu, 	8+ 4Ruu, 8+ 5Ruu, 8+ 6Ruu, 8+ 7Ruu, 8+ 8Ruu, 
8+ 10Ruu, 8+ 12Ruu, 8+ 14Ruu, 8+ 16Ruu, 8+ 18Ruu, 8+ 20Ruu, 8+ 22Ruu, 8+ 24Ruu,
[bookmark: _GoBack]8+ 30Ruu, 8+ 34Ruu, 8+ 38Ruu, 8+ 42Ruu, 8+ 46Ruu, 8+ 50Ruu, 8+ 54Ruu, 8+ 58Ruu } after the starting subframe of NB-PDCCH.
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