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Discussion and decision
1 Introduction

This contribution discusses the reduction on UE complexity for Rel-13 Low Complexity MTC UEs and Rel-13 coverage enhancement considering only capable of supporting CE mode A aiming to reduce UE complexity.
2 Discussion

At the RAN1 #82bis meeting, two coverage enhancement (CE) modes were defined: 

· CE mode A: for UE behaviors corresponding to no/small number of repetitions (mainly targeting to compensate for 1 Rx chain and reduced BW support for Low Complexity UEs).
· CE mode B: for UE behaviors corresponding to medium-large number of repetitions.
Even though any Rel-13 UE could potentially support the CE feature, it is also important to distinguish the actual level of coverage enhancement supported by the different UEs considering that the UE's behaviour could be diverse depending on whether the CE techniques are used to target small or large amount of coverage enhancement. In fact, this was the primary motivation for RAN1 to define different CE modes depending on the number of repetitions used that translate to the achievable coverage enhancement. 
The common understanding is that the small and medium-large coverage enhancement cases correspond to the “shallow coverage” and “deep coverage” cases respectively. The support of features for small/shallow CE is defined aiming to compensate for the reduced reception and transmission capabilities due to complexity reduction features like single receiving chain, reduced BW support, and lower maximum transmission power, etc. Hence, the support of CE mode A is defined as mandatory for Rel-13 Cat. M1 UEs, and as optional for other UEs. An implementation of Cat M1 UEs may target MTC/IoT applications (e.g., wearables, consumer electronics with some limited mobility, sensors) and only require CE support sufficient to compensate for the reduced reception and transmission capabilities without needing large CE support. However, aiming to reduce UE complexity, it might be desirable that all required repetitions are sent within the same SI window not to mandate that these UEs have to always support the parallel acquisition of different SI messages across different SI windows.
RAN1 concluded that the acquisition of SI messages across SI windows is feasible in idle mode with a maximum of 4 SI messages in parallel for Rel-13 eMTC UEs. On other hand, RAN2 agreed that to extend the si-WindowLength values, from 20ms up to 200ms as there was a general preference enable the possibility of fitting the required Rel-13 LC/EC SI repetitions that a Rel-13 LC UE, when operating in NC or shallow coverage, needs to receive in order to decode the Rel-13 LC/EC SI message (which, in our understanding, corresponds to what RAN1 herein refers to as CE mode A). 
The maximum number of repetitions defined for PDSCH when using CE mode A (32 repetitions being the maximum) corresponds to general PDSCH transmissions covering different TBS and PRB sizes with the worst case been around 1000 bits using 4 PRBs. For the system information, which always uses 6 PRBs and maximum TBS of 936 bits, for CE mode A UEs, 32 repetitions may even not need to be guaranteed (i.e. the maximum of 32 repetitions for general PDSCH CE mode A, as shown in Annex A reference, correspond to a worse case of 1000 bits in 4 PRBs approximately, but in the case of 6 PRBs and maximum TBS of 936 bits, this could map up to around 22 repetitions). For FDD, at least 4 subframes are available in a radio frame, while for TDD, a minimum of 2 subframes (for TDD UL-DL configuration 0). Therefore considering the range of the eMTC SI window and the available options for repetition patterns (e.g., everyRF, every2ndRF, etc), our understanding is that there are still multiple possible options at the eNodeB’s disposal to configure the SI window length while accommodating all required repetitions for UEs using CE mode A. 

On other hand, for some extreme deployment scenarios, e.g. for small system BW (1.4 MHz or 3 MHz), wherein very few NBs are available, we may not need to optimize for the support of the maximum number of repetitions all the time. This would be in-line with the guidance from the WID to not aim to optimize for 1.4 MHz system BW as well as with the approach taken previously for RAN1 agreements, e.g., regarding the support of not optimizing the number of PBCH repetitions for those system BWs.

Summarizing, our understanding is that it can be easily possible for the eNodeB to fit the required SI repetitions within an SI window for UEs using CE mode A while still realizing the flexibility to the network on the parameters to be configured. On the other hand, supporting reception of SI messages across multiple SI windows would require additional efforts for the UE in terms of buffer management. 

Thus, our proposal, in view of the aim of reducing the overall UE complexity and cost to the maximal extent, is that not all UEs need to support the combining across different SI windows when supporting only CE mode A.
Table 2. Relation of CE support with the SI design

	Rel-13 UE CE support
	UE requirement on SI acquisition
	Network requirement on SI design

	CE mode A (only)
	UE is not required to support combining the SI messages across different SI windows

(i.e. similar legacy SI acquisition design, but UE is not restricted to implement it)
	The maximum repetition of each SI message, that are required when targeting UEs in CE mode A, should be sent within one SI window 
(i.e. similar legacy SI acquisition design)

	CE modes A and B
	UE is required to support combining the SI messages across different SI windows 

(i.e. change on legacy SI acquisition design to enable parallel interleaved reception)
	The maximum repetition of each SI message, that are required when targeting UEs in CE mode B, are sent across different SI windows within the BCCH modification period 

(i.e. change on SI acquisition design)


Proposal 1. To agree that that Rel-13 UE, supporting only CE mode A, is not required to combine the repetitions of the SI messages across SI windows (i.e. required repetitions are given within the same SI window) aiming to reduce UE complexity/cost.

Proposal 2. If proposal 1 is agreed, suggest to consider the TP captured in Annex B.

3 Conclusion

This contributions analyses eMTC UE supported features and proposes the following:
Proposal 1.
To agree that that Rel-13 UE, supporting only CE mode A, is not required to combine the repetitions of the SI messages across SI windows (i.e. required repetitions are given within the same SI window) aiming to reduce UE complexity/cost.
Proposal 2.
If proposal 1 is agreed, suggest to consider the TP captured in Annex B.


4 Annex A
Reference copied from TS 36.331:
PDSCH-ConfigCommon-v13xy ::=
SEQUENCE {


pdsch-maxNumRepetitionCEmodeA-r13
ENUMERATED { 












r16, r32 }




OPTIONAL,
-- Need OR


pdsch-maxNumRepetitionCEmodeB-r13
ENUMERATED {












r192, r256, r384, r512, r768, r1024, 












r1536, r2048}



OPTIONAL
-- Need OR}

SystemInformationBlockType1-v13xy-IEs ::=
SEQUENCE {


hyperSFN





BIT STRING (SIZE (10))

OPTIONAL,

eDRXAllowed


ENUMERATED {true}

OPTIONAL, 

cellSelectionInfoCE-r13





CellSelectionInfoCE-r13
OPTIONAL,
-- Need OP


bandwidthReducedAccessRelatedInfo-r13
SEQUENCE {



si-WindowLength-BR-r13




ENUMERATED {














ms20, ms40, ms60, ms80, ms120, 














ms160, ms200, spare},


si-RepetitionPattern-r13



ENUMERATED {everyRF, every2ndRF, every4thRF,
















every8thRF},


schedulingInfoList-BR-r13



SchedulingInfoList-BR-r13 OPTIONAL,
-- Need OR



fdd-DownlinkOrTddSubframeBitmapLC-r13
CHOICE {




subframePattern10-r13




BIT STRING (SIZE (10)),




subframePattern40-r13




BIT STRING (SIZE (40))



}















OPTIONAL, 
-- Need OP



fdd-UplinkSubframeBitmapLC-r13


BIT STRING (SIZE (10)) 
OPTIONAL, 
-- Need OP



startSymbolLC-r13





INTEGER (1..4),



si-HoppingConfigCommon-r13



ENUMERATED {on,off},



si-ValidityTime-r13





ENUMERATED {true}
OPTIONAL,

-- Need OP



systemInfoValueTagList-r13



SystemInfoValueTagList-r13
OPTIONAL -- Need OR

}














OPTIONAL,
-- Cond BW-reduced
nonCriticalExtension


SEQUENCE {}




OPTIONAL }

SchedulingInfoList ::= SEQUENCE (SIZE (1..maxSI-Message)) OF SchedulingInfo

SchedulingInfo ::=
SEQUENCE {


si-Periodicity





ENUMERATED {












rf8, rf16, rf32, rf64, rf128, rf256, rf512},


sib-MappingInfo





SIB-MappingInfo}

SchedulingInfoList-BR-r13 ::= SEQUENCE (SIZE (1..maxSI-Message)) OF SchedulingInfo-BR-r13

SchedulingInfo-BR-r13 ::=
SEQUENCE {


si-Narrowband-r13



INTEGER (1..maxAvailNarrowBands-r13),


si-TBS-r13





ENUMERATED {b152, b208, b256, b328, b408, b504, b600, b712,













b808, b936}}

5 Annex B
TP for a drafted CR to 36.331
*************** START CHANGE *****************
5.1.1 5.2.3a
Acquisition of an SI message by BL UE or UE in CE
When acquiring an SI message, the BL UE or UE in CE UE shall:

1>
determine the start of the SI-window for the concerned SI message as follows:

2>
for the concerned SI message, determine the number n which corresponds to the order of entry in the list of SI messages configured by schedulingInfoList  in SystemInformationBlockType-BR;
2>
determine the integer value x = (n – 1)*w, where w is the si-WindowLength-BR;

2>
the SI-window starts at the subframe #0 in the radio frame for which SFN mod T = FLOOR(x/10), where T is the si-Periodicity of the concerned SI message;

1>
receive and accumulate SI message transmissions on DL-SCH on narrowband provided by si-Narrowband, from the start of the SI-window and continue until the end of the SI-window whose absolute length in time is given by si-WindowLength-BR, only in radio frames as provided in si-repetitionpattern and subframes as provided in fdd-DownlinkOrTddSubframeBitmapLC  in bandwidthReducedAccessRelatedInfo, or until successful  decoding of the accumulated SI message transmissions;
1>
if UE supports CE mode B and the SI message was not possible to decode from the accumulated SI message transmissions  by the end of the SI-window, repeat reception and accumulation of SI message transmissions on DL-SCH in the next SI-window occasion for the concerned SI message;

*************** END CHANGE *****************
