3GPP TSG RAN WG1 Meeting #85                                                               
     R1-164126
Nanjing, China, 23rd – 27th May 2016  

Source:
Intel Corporation

Title:
Time domain resource allocation for NPUSCH with 1-bit A/N feedback
Agenda item:
6.1.6
Document for:
Discussion/Decision

1 Introduction

During the RAN1#84bis meeting, the following was agreed regarding the resource determination for transmission of PUSCH format 2 with 1-bit A/N in response to NPDSCH scheduled in the DL [1]:

· Fixed baseline subcarrier, and

· 3.75kHz: 3 bits for frequency allocation, 1 bit for time allocation

· Starts from subcarrier 45, and offset grows negatively

· Offset values are  {0, -1, -2, -3, -4, -5, -6, -7} 

· Time offset is 0,1 x 8ms

· 15kHz: 2 bits for frequency allocation, 2 bit for time allocation

· Starts from subcarrier zero, and offset grows positively

· Offset values are  {0, 1, 2, 3} 

· Time offset is 0,1,2,3 x 2ms

· Repetition

· The predefined set of numbers of repetition for ACK/NACK resource unit is {1, 2, 4, 8, 16, 32, 64, 128}

Further, regarding the reference point in time for the determination of the time domain resource allocation for NPUSCH format 2, the following two alternatives were discussed during the RAN1 #84bis meeting and further, as part of the email discussion [2]:

· Alt 1: Baseline time point for time domain allocation:

· A/N transmission is relative to the first time reference point which is at least 12 ms later than the end of NPDSCH

· The period of the time reference point is fixed to [16]ms.

· The start of the period is from (SFN#0, subframe#0).
· Alt. 2: A/N transmission delay is relative to the end of the corresponding NPDSCH transmission plus 12ms.

However, RAN1 did not manage to converge and down-select between the above two alternatives. 
In this contribution, we re-iterate our views on the above issue.
2 Reference for time domain resource allocation for PUSCH format 2
Towards the end of the RAN1 email discussion following RAN1 #84bis meeting [84b-03], the following was proposed:

Baseline time point for time domain allocation of A/N transmission: 
–      A/N transmission is relative to the first time reference point which is at least 12 ms later than the end of NPDSCH 
–      The period of the time reference point is fixed to [16] X ms. 
-          X = {1, 2} 
•       The start of the period is from (SFN#0, subframe#0).
The above was proposed as a compromise between Alt 1 and Alt 2. However, as can be seen from the description of the original Alt 1 and Alt 2 in the Introduction, Alt 1 proposed X = 16ms to enable higher packing efficiency of the PUSCH format 2 transmissions carrying 1-bit A/N feedback. This compromise from X = 16ms to X = 2ms was suggested by proponent companies in consideration of added latency and thereby reduced throughput performance for the case of X = 16ms. The later “configurability” option unfortunately fails to provide any clear advantage while increasing the signaling overhead.
As elaborated during the email discussion, the impact of Alt 1 with X = 2ms would be a minimal increase in the average delay by 0.5ms. This is expected to have a negligible impact, if at all, to the overall throughput and latency performance of NB-IoT UEs considering the already introduced time gaps between the different physical channels that were agreed based on the motivation to minimize UE complexity and power consumption. 
Further, in reality, the delay is even less on average, since whenever NPDSCH is transmitted with repetitions, the end of the NPDSCH would correspond to an even subframe, thereby resulting in the same (excess) delay for NPUSCH format 2 transmission for both Alt 1 with X = 2ms and Alt 2. Thus, for cases when NPDSCH is transmitted using an odd number of subframes (i.e., NSF = 1 or 3 and number of NPDSCH repetition = 1), Alt 1 with X = 2ms can provide the benefit of “packing” the corresponding NPUSCH format 2 transmissions such as to make more UL subframes available for transmission of NPUSCH format 1 using 12 tones.
The benefit from Alt 1 (wherein a period of time reference is introduced that is greater than 1ms) is that it enables restricting the NPUSCH format 2 transmissions to certain starting subframes, thereby increasing the probability of an UL subframe being available to carry the NPUSCH format 1 using all 12 subcarriers in the UL PRB. Here, we note that the majority of NB-IoT UEs can be expected to be in reasonably good coverage and can thereby benefit from shorter transmission duration if they transmit NPUSCH format 1 using 12 subcarriers. 
The issue of UE complexity increase was mentioned during the email discussion. However, Alt 1 with X = 2ms does not add any perceptible UE complexity since the only additional “tracking” a UE needs to perform is to note whether it is an even or odd subframe index. 

It was also mentioned during the email discussion that the situation for NPUSCH format 2 resource allocation is similar to that for the scheduling of NPUSCH format 1 with less than 12 subcarriers. However, one important difference between the two cases is that the resources used for NPUSCH format 2 are coupled to the resource allocation for the corresponding NPDSCH. Thus, for the case of Alt 2, in order to minimize the impact on the opportunities available for NPUSCH format 1 scheduling with 12 tones, the DL scheduling would be affected by certain constraints/restrictions. On the other hand, for Alt 1 even with X = 2ms, naturally more opportunities for scheduling UEs with 12 tones NPUSCH format 1 would be realized at the cost of negligible impact to latency and average throughput. 
Proposal 1:

· A/N transmission using NPUSCH format 2 is relative to the first time reference point which is at least 12ms later than the end of NPDSCH.
· The period of the time reference point is fixed to X = 2ms.
· The start of the period is from (SFN#0, subframe#0).
3 Conclusions

In this contribution, we shared our views on the open issue of determining the time domain resource allocation for transmission of NPUSCH format 2 carrying 1-bit A/N in response to NPDSCH. Based on the discussion presented in the contribution, we propose the following:
Proposal 1:

· A/N transmission using NPUSCH format 2 is relative to the first time reference point which is at least 12ms later than the end of NPDSCH.
· The period of the time reference point is fixed to X = 2ms.
· The start of the period is from (SFN#0, subframe#0).
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