3GPP TSG RAN WG1 Meeting #82
R1-154332
Beijing, China, August 24-28, 2015
Agenda Item:
7.2.1.8
Source:
Huawei, HiSilicon

Title:
UE power consumption reduction techniques
Document for:
Discussion and decision
1 Introduction
RAN1#80bis discussed a number of potential means for reducing MTC UE power consumption, which can be summarized informally in the following list:
· Relaxed/reduced CSI feedback

· Relaxed RRM/RLM measurements (RAN4 is also discussing this topic)

· TBCC vs. Turbo coding for small packets

· Early termination for a bundled transmission

· Enhanced SPS

· Power boosting by eNB for downlink transmissions
We discussed previously what had been considered until RAN1#80bis for UE power consumption in [1]. In this paper we discuss the potential UE power savings from some of the techniques in the above list.
2 Discussion
2.1 Relaxed/reduced CSI feedback
In this respect, we already have the agreement from RAN1#80:

Agreement:

· Consider simplified channel feedback for MTC power savings at least for coverage enhanced MTC UEs

· No support of periodic CSI measurement and feedback for UEs in need of large coverage enhancement

RAN1 had some discussion (but no conclusion) around the following proposal at RAN1#80bis:

· Support UE indication of bundling level change

· FFS design details (e.g., via RRM, PRACH, CSI, etc.)

· Note: a new channel may not be necessary

There was also an agreement made in RAN2#89bis in relation to paging CE:
8.
The UE does not inform the network when it changes the extended coverage level within a cell nor when it changes to another cell while being in extended coverage (unless it changes the tracking area).

When the UE is in CONNECTED mode, the eNB will be receiving a large amount of information on the UEs current CE requirement, from a mixture of HARQ-ACK feedback, aperiodic and periodic CSI, RRM measurement events, etc. These have long been established as sufficient to handle the very wide range of channel variations (time, space, frequency) that an LTE UE might experience. To provide a new, separate indication of CE requirement change would consume DL resources, UL transmit power, and UE processing effort to prepare and transmit the indication.

The existing agreements on no periodic CSI in large CE covers the main cases where CSI is problematic for MTC and CE UEs, and gives the eNB some simple information as to changes in the UE condition since periodic CSI reports will stop when the CE level becomes too large. The UE may determine this itself, on the basis of some short or long-term measurement of RSRP, and e.g. periodic SRS transmission or simply the absence of periodic CQI can inform the eNB. When the large coverage enhancement requirement ends, the eNB can rely on SRS or other measurements to infer this fact, and send a new periodic CSI configuration to the UE.  This change into or out of deep coverage will typically be steady, so that a UE will be moving e.g. toward the cell edge or into deep coverage, rather than moving in and out of this case on a short timescale. These large, long-term changes are more important to the eNB providing coverage enhancement than new triggers to report short-term CQI changes which periodic CSI already handles sufficiently. Therefore, in CONNECTED mode there does not appear to be any need for specific optimizations outside the discussions that are occurring on those other topics. 
Proposal 1:
For CONNECTED mode UEs, introduce no separate UE signaling at L1 of changes in coverage enhancement requirement dedicated only for that purpose.

For UEs not in CONNECTED mode, the first stage of re-establishing a connection is the random access procedure. The PRACH resource set used by a UE is uniquely determined from its CE level, so the eNB gets some early, if coarse, information to assist with scheduling the rest of the procedure correctly. It may also be possible to convey some finer-grained information in Msg3, although this could be challenging due to the bit-size of Msg3. Nevertheless, providing CE requirement information to the eNB during the PRACH procedure by knowing the repetition level of PRACH is straightforwardly possible.
This has advantages of allowing the RAR to be repeated only the necessary number of times (within the granularity of the PRACH resource set configuration).

Until Msg3 of the procedure, the eNB cannot associate the initial PRACH repetition level to an IDLE UE identity. However, after that, it can make such an association if it has stored historical information as to e.g., the UE’s most recent coverage level. This could allow eNB to inform MME of the change for use in paging procedures when the UE next returns to IDLE, for example if the UE random access is for a periodic TAU or UL application data delivery. See [2] for related discussion.
This is in line with the RAN2 agreement, which was motivated by not having specific UE action to inform eNB of changes in CE requirement, because in this case it is done as part of a procedure which is occurring anyway. This takes no extra transmit power for the change of CE requirement information, and has the benefit of allowing eNBs (and potentially CN nodes also) to operate paging repetitions efficiently, with resulting UE power consumption optimization.
Proposal 2:
eNB can determine change in UE’s coverage enhancement requirement from the random access procedure, at least from PRACH repetition level.
2.2 TBCC vs. turbo coding for small packets

RAN1#80bis heard some proposals for introducing tail-biting convolutional coding (TBCC) for very small PUSCH transport blocks, or when the UE is using repetition transmission in UL, with the reason that they can have a better BLER in low SINR and thus require fewer repetitions.
With Rel-13 MTC UEs predicted to be important in the rise of the Internet of Things, there will be many different applications for MTC services. It is important to have good support for TBS up to 1000 bits, as well as smaller sizes, so TBCC should be considered just for small block sizes. The main motivation for using TBCC is power saving in coverage enhancement by reducing the number of repetitions, because the saving is small when not operating CE. If there are Rel-13 MTC UEs that do not support CE, it is desirable to keep the current turbo coding, as some implementations may have higher cost for different handling of the TBCC (de-)coding. So TBCC optimizations should be considered only for UEs operating CE, and possibly only for MTC UEs operating CE as non-MTC UEs may require re-design or implementation effort for changes to the codec, HARQ, CRC, etc.

This would apply also to RAR and Msg3 in initial access – existing turbo coding should be used for UEs not operating (or not supporting) CE. But if PRACH can distinguish that the UE is operating CE, then TBCC can be considered for RAR and/or Msg3 transmission. 

Proposal 3:
Confirm that PRACH can be used during initial access to determine whether the UE will be operating CE or not, then consider further the benefits and impacts of supporting TBCC in CE for power savings for small messages.

2.3 PSD boosting by eNB for downlink transmissions

There is a great deal of scheduling flexibility available to the eNB, especially considering the ‘quiet time’ scenario which is typically assumed for use of CE. DL PSD boosting was an important part of the study item phase and by reducing the number of repetitions needed would clearly reduce UE active time. The main specification impacts are likely to be in RAN4, relating to power dynamic range between REs and inter-modulation distortion. There could also be limitations from eNB PA efficiency at high power and regulatory requirements. Work at L1/L2 can be limited to confirming if any changes to DM-RS power signaling are needed.
2.4 Others

In [1] we discussed what progress had been made to date on UE power consumption reduction, and Table 1 is an updated version of the summary table from that contribution. Refer to [1] for a detailed discussion of the contents.
Table 1: Work so far related to MTC UE power consumption.

	Category
	Subject
	Remarks

	Reducing UE’s processing time
	Reducing UE’s processing time on control channel
	· Starting sub-frames of (E)PDCCH repetitions are configured
· Reduce blind decoding on control channel
· Compact DCI is being discussed

	
	Relaxed requirement
	· Relax PRACH requirement(s)

	
	
	

	Simplifying UE’s communication procedure
	Reporting/measurement simplification/relaxation 
	· No support of periodic CSI measurement and feedback for UEs in need of large coverage enhancement

	
	Control-less operation 
	· RAN2 indicates control-less may be possible for SIBs, RAN1 is still discussing

	
	
	

	Others
	Known CE amount
	· Via PRACH

	
	PSM, DRX
	· ePSM from Rel-12, and eDRX from Rel-13

	
	Small cell
	Rel-12 contributions showed some potential power savings from small cell deployments of sufficient density 

	
	PBCH coverage enhancement options
	Selection of option 3-A to balance UE power consumption, acquisition latency, and DL resource usage.


2.4.1 Relaxed RRM/RLM measurements
Required accuracy for measurements, and possibly any relaxed time to make them, is principally a RAN4 responsibility, although RSRP, RSRQ, etc. are defined in TS36.214. We suggest that RAN1 prioritizes other work until receiving guidance from RAN4 on any changes that may be needed.
3 Conclusions
In this paper we have analyzed further the suggestions for techniques to reduce MTC UE power consumption, and summarized progress so far on the topic. We make the following proposals:
Proposal 1:
For CONNECTED mode UEs, introduce no separate UE signaling at L1 of changes in coverage enhancement requirement dedicated only for that purpose.

Proposal 2:
eNB can determine change in UE’s coverage enhancement requirement from the random access procedure, at least from PRACH repetition level.

Proposal 3:
Confirm that PRACH can be used during initial access to determine whether the UE will be operating CE or not, then consider further the benefits and impacts of supporting TBCC in CE for power savings for small messages.
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