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[bookmark: _Ref174151459][bookmark: _Ref189809556]Introduction
At RAN#72 meeting, the “Enhancements of NB-IoT” WI [1] was approved. The WID includes positioning, multicast, non-anchor PRB enhancements, mobility and service continuity enhancements and new power class(es). This paper discusses the benefits of further enhancing the power consumption and latency for UEs in good coverage. 
Discussion
Motivation
According to the interaction frequency with human beings, the NB-IoT applications can be classified into two types. In the first type of applications, devices are interacted with human beings frequently, such as wearable devices, tracking shoes, pet tracking etc. The devices are generally moving around.  Most of these applications are consumer applications. The individual device power consumption and the latency of each communication can be easily perceived by human beings. The other type of applications, devices are not interacted with human being frequently. These applications include smart metering, smart fire alarm, smart street lighting, smart environment sensing, etc. These applications are mainly enterprise driven business. The end users care more about the performance of the whole group, for example, the success rate of the data report for a certain area, or the outage rate of the devices in a certain area. 
This paper discusses a technical enhancement which is helpful for the first type applications. As said in the above paragraph, devices are moving around. Such devices tend to have better coverage than stationary devices, even though they may sometimes fall into a bad coverage hole temporarily. For example, wearable devices, tracking shoes, and pets are typically in good coverage instead of being underground. For such UEs, it is helpful to reduce the power consumption when the UE is in good coverage. 
Two simple ways to reduce the time taken to complete a transmission – DL or UL – are to have more than one HARQ process in the UE, or to support a larger maximum transport block size (TBS). For the Rel-13 NB-IoT UE, the device memory and MIPS budgets are set by the most demanding operations, namely NPSS/NSSS detection and NPDCCH blind-decoding. In the next sections, we illustrate the useful gains in power consumption and latency that 2-process HARQ and/or larger TBS support would bring, and we analyze the UE implications to show that a chipset which can support Rel-13 NB-IoT would also be able to support these new enhancements within their current memory and processing MIPS capabilities.
2-process HARQ
With the Rel-13 single HARQ process, UE or eNB can transmit one transport block and must then wait until the relevant NB-IoT timing relationships have passed before the next TB can be sent (or the same TB re-transmitted). In deep coverage, this does not affect latency or power consumption because the transmissions are long (due to repetitions) compared with the timing relationships. But in good coverage, adding one additional HARQ process is helpful to reduce the latency because the UE or eNB can transmit two transport blocks in succession without having to wait for the NB-IoT timing relationships to pass. An example is shown in Fig. 1 for DL and Fig. 2 for UL.
One notable feature of these examples is having a new timing relationship between consecutive NPDSCH due to the 2-process HARQ. In order to avoid any increase in device complexity, each NPDSCH should be decoded before the start of reception of the next NPDSCH. Deriving from the existing 12ms timing relationship for NPDSCH to NPUSCH but removing the time allowance for protocol and radio TX/RX turn-around which is not relevant for the case of NPDSCH to NPDSCH, we consider that a spacing of 8ms for NPDSCH to next NPDSCH would avoid an increase in processing MIPS for convolutional code (TBCC) decoding with 2-process HARQ. A similar spacing between successive NPUSCH of 3 ms would provide sufficient time for UE to prepare the data for the second NPUSCH transmission. The details can be discussed in RAN1, but this shows how the 2-HARQ design can be executed without downsides to the UE complexity or chipset development.


Figure 1  NPDSCH transmission procedure with 2-process HARQ


Figure 2  NPUSCH transmission procedure with 2-process HARQ
By using 2-process HARQ, the transmitted payload in each cycle can be doubled with only a small increase of latency. In the specific examples shown here, the latency per payload bit is reduced by approximately 60% in DL and 33% in UL. The power consumption is also reduced due to shorter RRC active time, fewer NPDCCH decoding occasions, and fewer ACK/NACK transmissions.
Observation 1: 2-process HARQ can reduce latency by approximately 60% in DL and 33% in UL, as well as reducing the UE power consumed by RRC active time, NPDCCH decoding occasions, and ACK/NACK transmission.
Larger maximum TBS
A complementary way to improve power consumption and latency is for the UE to support a larger maximum transport block size (TBS). In Rel-13, the maximum DL / UL TBS are 680 and 1000 bits respectively. A larger TBS needs to be decoded within the timing relationship between NPDSCH and NPUSCH. It is considered that the existing 12ms timing relationship from NPDSCH to NPUSCH is quite conservative because the TBCC decoding capability of the UE is determined by the more-challenging NPDCCH blind decoding rather than NPDSCH decoding. Therefore, we consider that the 12ms NPDSCH decoding time can be retained with a doubling of maximum TBS to around 1300 bits, without an impact on device complexity. For NPUSCH, a x1.5 increase to around 1600 bits is possible. Consequently, no changes to Rel.13 timing relationships would be required. In good coverage, these improvements translate into a corresponding reduction in latency of 50% (DL) and 25% (UL). The power consumption is also reduced due to shorter RRC active time, fewer NPDCCH decoding occasions, and fewer ACK/NACK transmissions/receptions.
[bookmark: _GoBack]The largest contributor to memory requirements for NPDSCH/NPUSCH is holding I/Q samples at 1.92 MHz sampling rate, because the sampling rate is a high oversampling rate relative to the signal bandwidth. However, a typical implementation will not buffer the entire TBS at the 1.92 MHz sampling rate, but will instead process the signal using a sliding window. This means that the memory requirements do not scale with TBS size. Furthermore, when decoding NPDSCH using repetitions, the repetition combining can occur at a much lower sampling rate than 1.92 MHz (i.e. at the symbol rate), so the impact of increasing the maximum TBS is small. 
The details can be discussed in RAN1, but it would be possible to increase the TBS on both DL and UL while retaining the existing maximum number of RUs and the existing MCS. In this case, the required changes to the TBS tables would simply be to allow particular combinations of MCS and number of RUs that are not supported in Rel.13 as they exceed the maximum TBS allowed in Rel-13.
The methods of larger maximum TBS and 2-process HARQ can be applied together to further improve the performance of power consumption and latency for NB-IoT UE. Compared to Rel-13, the transmitted payload in each cycle is doubled with the same latency.
Observation 2: Maximum TBS of around 1300 / 1600 bits for UL/DL respectively can reduce latency by 50% in DL and 25% in UL, as well as reducing UE power consumed by RRC active time, NPDCCH decoding occasions, and ACK/NACK transmission.
Conclusion
There are a sizeable number of NB-IoT applications and devices which will experience much better coverage than others, due principally to their use cases and motion, e.g. wearables, pet tracking, fleet tracking. For these applications, power consumption and latency when in good coverage conditions become more important considerations. Expanding the market applicability of NB-IoT in Rel-14 through improved support for these use cases is an important additional enhancement. 
We have discussed two familiar ways to reduce power consumption and latency: the use of 2 HARQ process and/or support of a larger maximum DL/UL TBS compared to Rel-13. We showed that there are designs for both which stay within the memory and UE complexity budgets set by Rel-13, by noting that the most demanding operations in Rel-13 are the NPSS/NSSS detection and NPDCCH blind-decoding loads, neither of which is increased. The actual detailed design belongs to the working groups.

Observation 1: 2-process HARQ can reduce latency by approximately 60% in DL and 33% in UL, as well as reducing the UE power consumed by RRC active time, NPDCCH decoding occasions, and ACK/NACK transmission.
Observation 2: Maximum TBS of around 1300 / 1600 bits for UL/DL respectively can reduce latency by 50% in DL and 25% in UL, as well as reducing UE power consumed by RRC active time, NPDCCH decoding occasions, and ACK/NACK transmission.

Proposal: Add either Alt. A or Alt. B as a new objective to the Rel-14 NB-IoT enhancements WID:
Power consumption and latency reduction
· Alt A: Support in DL and UL for larger maximum TBS [RAN1, RAN2, RAN4].
· Alt B: Support in DL and UL for 2 HARQ processes [RAN1, RAN2, RAN4].

If Alt. A is adopted, a suitable additional TU request is indicated in the attachment to the Rel-14 status report [2], and attached to this document.
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