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Discussion and Decision
1
Introduction
In RAN1#84bis, it was agreed for Ack/Nack transmission that [1]–

· The start of UL A/N transmission is >=12ms later than the end of the corresponding NB-PDSCH transmission
· The size of resource unit for A/N transmission is 2 msec for 15 kHz single tone and 8 msec for 3.75 kHz single tone transmission
· 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
However, the time reference for which the offset is to be applied remains under discussion. Two options were considered –

· 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.

In this contribution, we provide our analysis for these two options.
2
A/N Time Reference
The main advantage of defining a periodic timing reference point (Alt. 1) is the potential to efficiently multiplex A/N in either the time or frequency domain as shown in Figure 1. This would minimize time or frequency fragmentation and allow the NPUSCH to be scheduled using the maximum number of subcarriers. 
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Figure 1. A/N multiplexing using Alt. 1, alignment in (a) time and (b) frequency.
However, this approach has some disadvantages, namely increased latency and reduced throughput as the A/N may be delayed by as much as one period. These drawbacks depend on the length of the time reference period, with longer period having larger impact. For example, with 16ms periodicity, the peak downlink data rate will reduce from 26.2 kbps to as low as 16 kbps in the worst case. On the other hand, multiplexing efficiency also depends on the period of the time reference point, with longer period having larger potential to multiplex the A/N. During email discussion on this topic, a possible value of 2ms for the period was suggested as a compromise between latency/throughput and multiplexing efficiency. This value has small impact to latency and throughput, but may have limited gain from A/N multiplexing.

One potential concern with lining A/N in time is the increased in interference level during A/N transmission. Since fractional power control is not used for A/N, UE will use higher transmission power. In case of imperfect timing alignment or when a mixture of 3.75 and 15 kHz subcarriers are used, both intra-cell and inter-cell interference can be high. Thus, it may be better to spread out A/N in time as shown in Figure 1(b). In this case, however, the eNB would be prevented from scheduling the full 12 subcarriers for a longer period of time.

To derive the most benefit from A/N multiplexing or alignment requires certain conditions to be met in the system. In this case, all NPDCCH and NPDSCH should have the same timing, only 1 subframe without repetition is used for NPDCCH and NPDSCH transmissions, the A/N have the same duration, and that there is no invalid subframes between them. In typical deployment situations, however, these conditions are not usually present. As a result, A/N alignment is either not needed, not possible due to the mix of traffic and user distribution, or can be achieved via eNB implementation without the need to define a fixed timing reference. These points are discussed as follow.

· NB-IoT resource utilization: It should be noted that, unless the system is heavily loaded, there may not be any meaningful benefit in trying to align A/N transmission. Due to the infrequent and small traffic characteristics of NB-IoT users, it is unlikely there will be large number of simultaneous users to be scheduled by the eNB. For instance, consider the traffic profile in TR 45.820 [2]. Based on massive MTC capacity target of 52547 devices within a cell site sector, the mean number of reports per second (mean arrival rate) is 6.13. Since 90% of the users have MCL better than 144dB, the transmission time for a periodic report will be small. Thus, it is unlikely that the UE will have both A/N and NPUSCH transmissions at the time. Therefore, unless the system is heavily loaded, there may not be any meaningful benefit to defining a fixed timing reference. 
· Presence of invalid subframes: In the downlink, at least 25% of the subframes are invalid. These are the subframes that have been reserved for the NPBCH/NPSS/NSSS as shown in Figure 2. In addition, subframes used for NB-IoT SIBs are also invalid. SIB1 is transmitted over 8 subframes in subframe #4 with period of 256 radio frames and repetitions of {4,8,16}. Other SIBs are transmitted also over 8 subframes and using repetitions. Additional subframes may be also denoted as invalid by the eNB to support features such as eMBMS, interference coordination, and load balancing.  
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Figure 2. Invalid subframes in downlink.
Hence, it can be seen that there is a substantial number of invalid subframes in the downlink that will modify the timing relationship between NPDCCH and NPDSCH, as well as for NPDSCH and A/N. Therefore, it would be difficult to align the A/N due to fragmentation in the downlink subframes.
· Downlink transmission time: A/N alignment is also most beneficial when the NPDSCH transmission time is 1ms. However, the amount of data that can be fit in 1 subframe is small even for UEs in good SNRs. In addition, the sizes of downlink messages can be substantial. For example, RRC connection setup message is 38 bytes, RRC connection resume message may also be approximately 38 bytes, RRC connection release message is 10 bytes, security mode command is 10 bytes, network command is 100 bytes (comprising of 20 bytes of application message, 65 bytes of upper layer protocol header, and 15 bytes of SNDCP/LLC/RLC/MAC/CRC header). Even Msg4 size is 8 bytes. Therefore, many messages will not fit in 1 subframes even using the highest MCS level. When the downlink transmission time is greater than 1ms, having a fixed timing reference point with 2ms period is not very beneficial. 
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Figure 3. NPDSCH performance using 1 subframe.
Figure 3 shows NPDSCH performance for different MCS levels. For MCS10, which can accommodate 144 information bits, SNR of 13 dB is required for 10% BLER and >20 dB is required for 1% BLER. Thus, a portion of the UEs will not be able to receive the message in one subframe even if the message size is small. Furthermore, because CQI information is not available, eNB may have to select conservative MCS level, thus increasing the number of subframes used for the NPDSCH. 

· A/N alignment using eNB implementation: In case that A/N transmission delay is relative to the end of the corresponding NPDSCH transmission plus 12ms, the DCI allows for {0,2,4,6}ms delay beyond the 12ms timing. In this case, the timing of the A/N may be aligned if even number of subframes are used for the NPDSCH. This includes all the cases when repetition is used. Without repetition, when 2,4,6,8,10 subframes are allocated for NPDSCH, the eNB can also manage to align A/N timing as the beginning of A/N transmission will align with even subframes. When odd number of NPDSCH subframes without repetitions are scheduled (i.e. 1,3,5 subframes), the A/N timing would not be aligned to the even subframe boundary. In this case, the A/N can be aligned by delaying the NPDCCH transmission by 1 subframe as shown in Figure 4. Note that NPDCCH can be transmitted in the gap, thus fully utilizing all the subframes. Alternately, the eNB can select to use even number of subframes when A/N alignment is needed.
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Figure 4. Example of A/N alignment via implementation.
· Uplink capacity without alignment: Without A/N alignment, the eNB can achieve the same uplink capacity using other resource allocation units. For example, in 15 kHz, 1,3,6 subcarriers can be selected. Although this increases transmission time, there would be no impact to uplink capacity. Depending on power control operation, this increase in transmission time may not require more energy. Even if more energy is required, if this happens only intermittently, it would not impact battery life for the UE. Furthermore, this packing and resource allocation issues are only a concern for UEs with good SNRs. These UEs already have significantly longer battery life than the 10-year target. Furthermore, in practice, the battery life for these UEs may be limited by the leakage current, which was not considered in the NB-IoT battery life analysis.
· eNB can prioritize uplink transmission: In case that the eNB would like to schedule good UEs using all 12 subcarriers as much as possible, it can do so by prioritizing NPUSCH scheduling. The eNB can adjust A/N timing by adjusting the timing between NPDCCH and NPDSCH, as well as NPDSCH and A/N. Downlink timing adjustment is much more flexible as the gap between NPDCCH and NPDSCH can be adjusted by e.g. {0,4,8,12,16,32,64,128} valid subframes, while the gap between NPDSCH and A/N can be adjusted by {0,2,4,6}ms. The eNB can also adjust the NPDSCH length if necessary. Thus, it can prioritize NPUSCH scheduling and adjust related timing on the downlink accordingly. Since NB-IoT traffic is delay tolerant, the eNB can shift the downlink timing around without much impact to the users.
Based on the discussion above, it is seen that, in typical deployment situations, A/N alignment is either not needed, not possible due to the mix of traffic and user distribution, or can be achieved via eNB implementation without the need to define a fixed timing reference. Thus, there is no need to define a periodic time reference point. Therefore, it is proposed that A/N transmission delay is relative to the end of the corresponding NPDSCH transmission plus 12ms.
Proposal: Uplink A/N transmission delay is relative to the end of the corresponding NPDSCH transmission plus 12ms.
3
Conclusion
In this contribution, we consider the reference time for uplink A/N transmission and make the following proposal –

Proposal: Uplink A/N transmission delay is relative to the end of the corresponding NPDSCH transmission plus 12ms.
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