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1 Introduction
In RAN #72 meeting, new WI proposal on Further Enhanced MTC was agreed [1]. Based on the justification of this WI, it's aiming at supporting applications with bigger data rates, which at least includes voice and audio streaming.
The scope of this WI includes:

a) Specify HARQ-ACK bundling in CE mode A in HD-FDD 
b) Larger maximum TBS

c) Larger max. PDSCH/PUSCH channel bandwidth in connected mode at least in CE mode A in order to enhance support e.g. voice and audio streaming or other applications and scenarios

d) Up to 10 DL HARQ processes in CE mode A in FD-FDD

We see minor impacts of a) and d) to the RAN2 specification.
In this paper we provide the analysis of the impacts of b) and c) to the RAN2 specification from functionality perspective and performance perspective.
2 Discussion
2.1 Larger maximum TBS
The extended larger TBS is related with the traffic model of the application which has big PBR or GBR, e.g. health monitoring, video streaming, it provides the packet size and the packet interval which assists to calculate the maximum requirement of the TBS.
The WI scope doesn't confirm what kinds of applications are aimed to support except voice and audio streaming. So, before deciding the value of TBS, it's suggested to firstly discuss and confirm the applications and the traffic models of this WI.
From the cost saving perspective, it should keep enough cost margin between higher data rate eMTC device and normal UE, which means the PBR/GBR requirement from applications should not be allowed to be at very high level, a relatively smaller TBS comparing with normal UE may be reasonable. For example, if video streaming related applications will be supported, it's suggested that only low or middle resolution ratio quality of video streaming could be supported.
Observation 1: Before discussing the PDSCH/PUSCH TBS, the applications and detailed traffic models need to be confirmed, and the PBR/GBR requirement of the target applications should be restricted to low or middle level for cost saving.
The support of higher data rate brings minor impacts to the SIB1-BR, there may be few bits to be added into the SIB1, e.g. an indication of whether supporting higher data rate. The TBS of SIB1-BR of R13 could be reused, there're no needs to extend it.
Proposal 1: To support of higher data rate has minor impact to the SIB1-BR of R13, the TBS of it could be reused.

2.2 Larger max. PDSCH/PUSCH channel bandwidth
2.2.1 How large the BW is needed?

It partly depends on the discussion result of 2.1 section. The higher the max.TBS is confirmed, the bigger BW is needed, except for that, from cost saving perspective, there’re not many choices for the bandwidth selection. 
As shown in Table 1, to support larger UE bandwidth, UE cost would be significantly increased due to the increase of UE complexity for FFT/IFFT and other baseband processing block. The cost of UEs with bandwidth larger than 5 MHz would be much higher. If the RF bandwidth is extended to 5 MHz and the maximum TBS is extended to NPRB = 25, the UE peak data rate would be larger than 7 Mbps, which seems enough for this WI.

Table 1 Cost saving for different UE bandwidth

	UE RF Bandwidth (MHz)
	1.4
	3
	5

	Cost saving
	~ 40%
	~20%
	~10%


Taking UE complexity and power consumption into consideration, the UE bandwidth should not be larger than 5 MHz. 3MHz or 5MHz could be considered as alternatives. The cost may be too high if the bandwidth exceeds 5MHz, e.g., 10MHz.
Proposal 2: The bandwidth for higher data rate eMTC UE should be restricted up to 5MHz for cost saving.
2.2.2 UE category
Category 0&M1 was defined for the R13 BL UE which only support traffics with infrequent small packet, the TBS of category M1 is restricted to a very low level, i.e.1000bits. In the scope of this WI, it’s required to support applications with higher data rate, which require bigger TBS, some new UE category may needs to be added.
From the applications perspective, the new applications for eMTC has similar TBS requirements as legacy normal UE, then for simplicity it might be considered whether the existing UE category of R12, e.g. category 1, could be reused for higher data rate eMTC UE. For reference, the current definition of UE category 1 is listed in table 2 below [2]:

Table2. Current definition of UEcategory 1
	Maximum number of DL-SCH transport block bits received within a TTI
	10296

	Maximum number of bits of a DL-SCH transport block received within a TTI
	10296

	Total number of soft channel bits
	250368

	Maximum number of supported layers for spatial multiplexing in DL
	1

	Maximum number of UL-SCH transport block bits transmitted within a TTI
	5160

	Maximum number of bits of an UL-SCH transport block transmitted within a TTI
	5160

	Support for 64QAM in UL
	No

	Total layer 2 buffer size [bytes]
	150 000

	With support for split bearers
	230 000


The maximum DL and UL data rate of category 1 is 10Mbps and 5Mbps, RAN2 can compare it with the discussion result of max.TBS, if it’s far away from the max.TBS of eMTC, at least one new UE category needs to be introduced, otherwise the category 1 maybe considered to be reused.
Proposal 3: If the new maximum TBS requirement of eMTC is closed to the category 1 UE, for simplicity the possibility of reusing current UE category(e.g. category1) could be considered, otherwise new UE category(s) for higher data rate eMTC UE need to be introduced. 
2.2.3 PRACH/Paging/SIB
PRACH:

The extended bandwidth is just used for increasing the TBS of PUSCH and PDSCH, the new eMTC UE can still use the same PRACH configuration as R13 eMTC UEs. We don't see the needs of introducing additional or dedicated PRACH for the wide-band eMTC UE. For the msg2, the higher data rate UE also can use same RAR as R13 eMTC UEs.

Observation 2: there's no need to introduce any enhancements on the PRACH related configuration or procedure for the higher data rate eMTC devices.
Paging:
The extended bandwidth has no impact to the paging mechanism. The current paging configuration provide enough performance and flexibility for paging higher data rate users, it could be adopted by R14 eMTC UE.
Observation 3: The current paging mechanism for R13 eMTC could be adopted to R14 eMTC.
SIB/MIB：
There's no difference on the system parameters for R13 eMTC and higher data rate eMTC, the only thing we've seen is that an additional indication of higher data rate supporting may be needed in the system information. The scheduling mechanism of SIBs also can be reused.
Observation 4: The higher data rate brings minor impact to the SIB/MIB, an additional indication of higher data rate supporting may be needed in the system information.
2.2.4 CE mode supporting
Considering that running higher data rate traffics in big CEL level will cause resource pressure and big scheduling delay to the radio interface, limiting the maximum CEL that wide band eMTC UE could use seems to be an easy way, but it may have some fallbacks:

· Coverage continuity: With CEL limitation, e.g. CE mode B can't be enabled while using PBR traffics, which will cause coverage issue in indoor scenario. Then big penetration compensation is required. 

· False limiting the no-so-high data rate users: Some traffic like voice/low-quality-audio's PBR/GBR has higher data rate than that in the R13 eMTC but not very high. And the load pressure caused by this kind of user using CE mode B may be acceptable. It’s unreasonable to set restriction for such no-so-high data rate users.
· In case eNB's light load, there’s no reason to refuse the access of CE mode B higher data rate eMTC devices and leave the resource underutilized.

To reduce the resource pressure, some application layer solutions like reducing the traffic quality requirement, e.g. using lower audio quality instead of high audio quality, can be used to make the impact of CE mode B smaller.
For the scheduling delay caused by CE mode B, it's also acceptable for the applications whose traffics are with relatively big time interval between packets. For example, the conversational voice or conversational video's packet delay budget is 100ms or 150ms[3], which means the CE repetition number 64 or 128 could satisfy these applications Qos. For other traffics which has bigger packet time interval than voice or video, their delay budget also can be satisfied by appropriately selecting the repetition number of CE mode B.
Based on above analysis, it's suggested that CE mode B can be supported by higher data rate eMTC devices.  Deliberately setting a restriction of CEL level configuration to the higher data rate eMTC UE will limit the scheduling flexibility, decrease system usage rate and do harm to the coverage continuity.
Proposal 4: It's suggested that CE mode B can be supported by higher data rate eMTC devices to ensure the scheduling flexibility, system usage rate and coverage continuity.
3 Conclusion

Based on the analysis, we have the following considerations and proposals:

Observation 1: Before discussing the PDSCH/PUSCH TBS, the applications and detailed traffic models need to be confirmed, and the PBR/GBR requirement of the target applications should be restricted to low or middle level for cost saving.

Proposal 1: To support of higher data rate has minor impact to the SIB1-BR of R13, the TBS of it could be reused.
Proposal 2: The bandwidth for higher data rate eMTC UE should be restricted up to 5MHz for cost saving. 
Proposal 3: If the new maximum TBS requirement of eMTC is closed to the category 1 UE, for simplicity the possibility of reusing current UE category(e.g. category1) could be considered, otherwise new UE category(s) for higher data rate eMTC UE need to be introduced.

Observation 2: there's no need to introduce any enhancements on the PRACH related configuration or procedure for the higher data rate eMTC devices.

Observation 3: The current paging mechanism for R13 eMTC could be adopted to R14 eMTC.

Observation 4: The higher data rate brings minor impact to the SIB/MIB, an additional indication of higher data rate supporting may be needed in the system information.
Proposal 4: It's suggested that CE mode B can be supported by higher data rate eMTC devices to ensure the scheduling flexibility, system usage rate and coverage continuity.
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