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Introduction
[bookmark: OLE_LINK272][bookmark: OLE_LINK273]In RAN 1#84 meeting, the following agreements had been made: 
Agreements:
· DL and UL scheduling delays are indicated in DCI
· [bookmark: _GoBack]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
……
· Sub-PRB allocations of the NB-PDSCH are not supported
……
· The start of UL A/N transmission is >=12ms later than the end of the corresponding NB-PDSCH transmission 
· The start of DL A/N transmission is >=3ms later than the end of the corresponding NB-PUSCH transmission
· The start of NB-PUSCH transmission is >=8ms later than the end of its associated NB-PDCCH transmission
· Working Assumptions:
· The start of an NB-PDCCH search space is >=4ms after the end of the last NB-PDCCH search space
· The start of NB-PDSCH transmission is >=4ms later than the end of its associated DL assignment

In email discussion [84-06], the search space of USS and CSS for RAR/Msg3 retransmission/Msg4 are agreed:
· For NB-PDCCH UE-specific search space: 
· UE monitors one of the following sets of {AL, #repetition, #blind decodes}:
·  {1, 1, 2}, {2, 1, 1}                                                                                   for Rmax = 1
· {1, 1, 2}, {2, 1, 1}, {2, 2, 1}                                                                 for Rmax = 2
· {2, 1, 1}, {2, 2, 1}, {2, 4, 1}                                                                 for Rmax = 4
· {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}:
· {2, 1, 1}                                                                                                 for Rmax = 1
· {2, 1, 1}, {2, 2, 1}                                                                                for Rmax = 2
· {2, 1, 1}, {2, 2, 1}, {2, 4, 1}                                                              for Rmax = 4
· [bookmark: OLE_LINK5]{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.
In this paper, resource allocation of NB-PDSCH is discussed. 
Resource allocation of NB-PDSCH
Based on RAN 1 agreement, NB-PDSCH occupies the whole PRB pair in one subframe. Therefore, for NB-PDSCH, only resource assignment in time domain is needed.  Three parameters are needed:
· Starting subframe of NB-PDSCH
· Number of PRB pairs for one transport block 
· Repetition
Starting subframe of NB-PDSCH
It was agreed that “UL and DL scheduling delays are indicated in DCI”.  Compared with eMTC, NB-IoT only has 1 PRB in frequency domain and NB-PDSCH occupies the whole PRB pair in one subframe. So that, the fixed timing between control channel and scheduled data channel is too constrained for eNB scheduling. 
[bookmark: OLE_LINK4]The range and step of the scheduling delay impact the payload in DCI. There is no need to introduce too large range because the NB-PDSCH can be scheduled by the PDCCH in latter search space, e.g., shown as Figure 1. Therefore, the range of 2Rmax between the first NB-PDCCH (i.e., starting subframe of search space) to starting subframe of NB-PDSCH is sufficient when Rmax is large, i.e., Rmax >=8. For small Rmax, i.e., Rmax <8, 8 subframes as a gap between starting subframe of NB-PDSCH and the end of NB-PDCCH are enough. The step also impacts on DCI payload, for repetition case, the same granularity as NB-PDCCH is a reasonable design, i.e., Rmax /8. For non-repetition case, the granularity could be one subframe. 


Figure 1 Examples of resource allocation for NB-PDSCH.
Three methods are proposed in email discussion to indicate starting subframe of NB-PDSCH. 
Method #1: DCI indicates the gap between starting subframe of NB-PDSCH and the starting subframe of NB-PDCCH search space.
As discussed, 4 bits can be used to indicate the gap between starting subframe of NB-PDSCH and the starting subframe of NB-PDCCH search space. Each value indicates a gap of
 + 4ms.
When Rmax <=8, the candidate gap values are {5, …, 20} ms with a step of 1 ms. 
When Rmax >8, the candidate gap values are {Rmax/8, 2Rmax/8, …, 16Rmax/8}+4ms with a step of Rmax/8.  

Method #2: DCI indicates the gap between starting subframe of NB-PDSCH to the end subframe of NB-PDCCH indicating the NB-PDSCH.
Two fields are needed: 
· 2 bits to indicate up to 4 repetition numbers of NB-PDCCH.
· 3 bits to indicate the gap:
+4ms
When Rmax <=8, the candidate gap values are {4, 5, …, 11} ms with 1ms step. 
When Rmax >8, the candidate gap values are {4, Rmax/8 +4, 2Rmax/8 +4,  …, 7Rmax/8 + 4 }ms with a step of Rmax/8ms. 
Compared with Method #1, Method #2 provides same maximum range of NB-PDSCH starting subframe candidate. However, for some NB-PDCCH candidates, the starting subframe candidates are less than Method #1. For example, for the first NB-PDSCH candidate {2, Rmax /8, 1} of the search space, the candidate gap values are {Rmax /8, 2Rmax /8,… ,Rmax}+4 ms, which are less than the candidates provided by Method #1. 
In summary, Method #2 uses more information bits but provides less NB-PDSCH starting subframe candidates.
Method #3: DCI indicates the gap between starting subframe of NB-PDSCH to the starting subframe of  NB-PDCCH indicating the NB-PDSCH.
3 bits to indicate the gap, which provide 8 gap values:
+4ms.
The max range of the gap between the starting subframe of search space and starting subframe of NB-PDSCH is with a step of Rmax/8 and the value is within {Rmax/8 +4, 2Rmax/8 +4,  …, 2Rmax+ 4 }ms. The range is the same as Method #2. However, this method needs additional 2 bits to indicate actual starting subframe, because there may be misunderstanding between UE and eNB on the starting subframe of NB-PDCCH. Unless some additional mechanism is introduced for different NB-PDCCH candidates, e.g., different repetition level using different scrambling mask. However, this may introduce UE complexity. 
Proposal #1: Introduce a DCI field with 4 bits to indicate the gap between starting subframe of NB-PDSCH and the starting subframe of search space.  
Resource assignment in time domain
For downlink, one transport block may need to span onto multiple PRB pairs (i.e., subframes) to provide a decent code rate. Considering DCI overhead, indicating the number of subframes for one transport block is the most straightforward way. Based on the analysis of TBS table design in [1], 3 bits are needed to indicate up to 8 PRB pairs for a TB with up to 680 bit. 
Proposal #2: Introduce a 3 bit DCI field for resource assignment with up to 8 PRB pairs for one transport block.
Repetition of NB-PDSCH and resource mapping
In order to provide up to 164dB MCL coverage, repetition of NB-PDSCH is needed. Targeting to the same DCI size in different coverage, 2 bits field in DCI is needed to provide 4 repetition numbers. Similar as eMTC, the repetition number can be configured by RRC signaling.
Proposal #3: Introduce a 2-bit DCI field to provide 4 repetition numbers for NB-PDSCH, where the repetition numbers are configured by RRC signaling.
In order to improve frequency tracking accuracy, subframe level repetition is provided in [3]. On the other hand, allow early decoding is also quite important for UE to save some battery life. Up to 4 subframe level repetitions is proposed considering the coherent time and early decoding point. 
With the number of PRB pair(s) and repetition number, base on subframe level repetition rule, NB-PDSCH can be mapped to valid subframes in time domain. That is the physical resource assignment in time domain could be non-continuous. For example, some subframes may be occupied by NB-PSS/NB-SSS/NB-PBCH or MBSFN subframes for inband mode. Moreover, in order to avoid UE in extreme coverage occupied all the downlink resources for a long time (e.g, up to second), a scheduling window can be introduced for UEs in different CE level [2]. That is, NB-PDSCH only maps to the subframes in scheduling window of that UE. Valid subframes and valid scheduling window can be configured in SIB or via RRC message. 
[bookmark: OLE_LINK1]Proposal #4: Support subframe level repetition with up to 4 subframes. 
[bookmark: OLE_LINK52][bookmark: OLE_LINK53]Conclusion
In this contribution, we discussed resource allocation of NB-PUSCH. Based on the discussions, we proposed:
Proposal #1: Introduce a DCI field with 4 bits to indicate the gap between starting subframe of NB-PDSCH and the starting subframe of search space.  
Proposal #2: Introduce a 3 bit DCI field for resource assignment with up to 8 PRB pairs for one transport block.
Proposal #3: Introduce a 2-bit DCI field to provide 4 repetition numbers for NB-PDSCH, where the repetition numbers are configured by RRC signaling.
Proposal #4: Support subframe level repetition with up to 4 subframes. 
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