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1. Introduction
In RAN1 reflector, several questions are raised on the capability on low category UE with enhanced coverage mode. This document summarizes the questions and comment. This document also proposes how to solve these questions. 
2. Discussion
Simultaneous reception between unicast and SIBs/Paging/RACH response
Low cost MTC WID[3] describes following:

	· Specify a new UE category/type for MTC operation in all LTE duplex modes supporting the following capabilities:

· 1 Rx antenna.

· Downlink and uplink maximum TBS size of 1000 bits.

· Reduced downlink channel bandwidth of 1.4 MHz for data channel in baseband, while the control channels are still allowed to use the carrier bandwidth. Uplink channel bandwidth and bandwidth for uplink and downlink RF remains the same as that of normal LTE UE.


On the other hand, TS36.306 section 4.2.1.1 states following:

	This number does not include the bits of a DL-SCH transport block carrying BCCH in the same subframe.


"A DL-SCH transport block carrying BCCH" means SIBs. Therefore, TBS size and PRB size restriction on SIBs are independent from unicast reception since Rel.8. In low cost SI, RAN1 has been discussed on the complexity assuming 1000 bits on low cost MTC. Therefore, how to handle SIB related TBS size handling capability is not clear.
The maximum TBS size of PDSCH when it is used SI-RNTI (SIBs), P-RNTI (Paging) and RA-RNTI (RACH response) are 2216 bits. DCI format 1C maximum size is 1736 bits. The TBS size of DCI format 1A for SI-RNTI/P-RNTI/RA-RNTI is 2216 bits. Then the maximum size is 2216 bits. These channels shall be capable to receive simultaneously with unicast. Therefore, FFS point is "Do we allow simultaneous reception of unicast and SIBs/Paging/RACH responses in a TTI for low cost MTC UE?"
Possible options and these related explanations can be summarized in the following table.

Table 1. Options on low cost category UE's actual TBS handling
	Options
	simultaneous reception between unicast and SIBs/paging/RACH
	The sum of TBS size between unicast and SIBs/Paging/RACH responses
	Comment

	A
	Not support
	1000 bits
	- TDM operation between unicast and SIBs/Paging/RACH responses are required. 
- Potentially big modification on protocol design is required.

- Continuous transmission of unicast is not feasible. 

	B
	Support
	1000 bits
	- TDM operation between unicast and SIBs/Paging/RACH responses are not required. 

- Current SIBs/Paging/RACH responses can be used if total with unicast is less than 1000 bits. However, we think it is really difficult to reuse current SIBs/Paging/RACH responses. 

	C
	Support
	1000+2216 bits
	- Current SIBs/Paging/RACH responses can be received by low cost category UEs.

	D
	Support
	Lower than 1000+2216 bits
	- Current SIBs/Paging/RACH responses may be used but feasibility depends on how much the size limitation applied. PLMN sharing, larger neighbour list operation and so on may be difficult to operate depending on the limitation.


Our understanding is it is FFS whether to specify low cost MTC without supporting enhanced coverage mode. It would be decided after the better understanding on the complexity on low cost MTC with coverage enhanced mode. Therefore, we focus the discussion on enhanced coverage mode further.
If we don't allow simultaneous reception of unicast and SIBs/Paging/RACH responses, the consequence would be following.

· When UE receives unicast, UE cannot receive paging. Therefore, UE fails to receive paging.

· When UE receives unicast, UE cannot receive system information. Therefore, UE cannot obtain the latest system information. This could be disastrous situation for MTC congestion avoidance perspective.

· When UE initiated contention based RACH procedure for scheduling request, UE cannot receive DL unicast. Therefore, from the RACH message 1, the network is required to identify which UE. This is impossible in contention based RACH procedure.

When the system bandwidth itself is 6 PRBs and if SIBs/Paging/RACH responses occupies 6PRBs, above restriction needs to be accepted as there is no way to solve it. On the other hand, when the system bandwidth is more than 6 PRBs, above restriction is quite severe operation limitation.

When the number of the repetition is the order of 50 or 100 TTIs, above restriction is really difficult to manage without simultaneous reception of unicast and SIBs/Paging/RACH responses.

Whether to allow simultaneous reception or not has discussed in RAN1 in the past for LTE. Therefore, our view is it is the scope of RAN1. On the other hand, it is also the scope of RAN2. We propose to ask following questions to RAN2 as initial step.
· What is RAN2 impact if simultaneous reception between unicast and SIBs/Paging/RACH responses in a TTI is not allowed?

· If simultaneous reception between unicast and SIBs/Paging/RACH responses in a TTI is allowed, what is RAN2 impact if sum TBS size of unicast and SIBs/Paging/RACH responses is limited to 1000 bits?
In order to decide above, the assumption the delay on "delay tolerance" is important. Therefore, we propose to conclude the order of the delay assumption on "delay tolerance" service.
TBS size on enhanced coverage mode
We have concern on 1000 bits TBS size of unicast in enhanced coverage mode. 

1) Power consumption of more than 1000 bits data
If the repetition is 50 times, 1000 bits / 50 ms = 20 kbps. If the repetition is 100 times, it means 10kbps.  In annex, we compared the power consumption between TBS size is 1000 bits and 10000 bit (similar to category 1). The analysis shows 3-7 times more power consumption when 10000 bits traffic in 1000 bits capable UE. 
TR36.888 describes traffic model is 1000 bits and optional 10000 bits in A.1 modelling and 256 bits/1000 bits in A.2 modelling. If the amount of the traffic is always less than 1000 bits, this power consumption difference is meaningless. On the other hand, if the data is more than 1000 bits, power consumption makes the difference. If power consumption is large, even material cost of the modem part can be reduced, the battery cost will increase. In addition, maintenance and operating cost also increases. Our understanding on the low cost is not only modem cost but also total amount of the cost reduction.
2) Protocol overhead in addition to application traffic
How much additional control overhead is taken into account this traffic modelling has not been discussed. The discussion in the past seems from the MTC application level. How much control overhead like MAC/RLC/PDCP/RRC/IP/TCP/ (above TCP) and so on are added is not concluded. 
In RAN2's Machine-Type Communications (MTC) and other Mobile Data Applications TR37.869, traffic model assumption is 100 bytes (800 bits) to 1 Kbyte (8000 bits). Signalling overhead comparison in section 6.3 of TR37.869 lists order of 60 to 100 bytes depending on the solutions. Depending on the solutions, user traffic and control traffic are transmitted simultaneously in order to reduce the interaction and total amount of the signalling.
Therefore, it should be discussed whether 1000 bits TBS can manage protocol overhead in unicast. 

3) Rare but large data traffic like software update

Although it should be rare situation, the amount of the DL data could be large like software update of MTC device. If 10 Mbytes data is transmitted over 20 kbps, it cost 1.1 hours for the update of 1 UE. If the number of UEs in a cell is the order of 1000, it is incredible amount of the time is blocked. eMBMS usage like discussed in R1-134558 can be one possibility still 1.1 hours are blocked could be too much resource consumption.
Rare but large traffic handling should be taken into account in order not to block network operation.
Note that uplink peak rate enhancement may not be possible because of UE's transmission power limitation in enhanced coverage mode. On the other hand, downlink is eNB transmitter including bandwidth. Therefore, to increase more than 1000 bits at least in DL can relief above topics.
Above discussion is the case of 100/50 times repetition. If the maximum number of PDSCH repetition is the order of 10 to 20, the discussion is certainly different. Therefore, we propose to conclude the maximum number of PDSCH repetition as priority.  Then depending on agreed value of the maximum number of repetition, the supported TBS size on low cost category should be re-checked.
Relation to RAN2/SA2 study/work on MTC
We refered RAN2 TR37.869 on MTC as study in RAN2. This study is link aged to SA2 discussion on MTC. Currently RAN1 WI of low cost MTC [3] and the relation on RAN2/SA2 MTC related work is not clear. 
In RAN1 reflector, some companies pointed out the possibility to power off during paging period. To read SIB before access is required for congestion avoidance. Some companies mentions the paging period is extended more than 10.24 seconds (if averaging paging delay assumption is more than 5 seconds, DRX cycle of 10.24 seconds is assumed). There are topics discussed in RAN2/SA2 MTC related work. We think coordination with such RAN2/SA2 MTC work is necessary. 
We propose such discussion should be carried out in RAN plenary.
3. Conclusion
We discussed low cost category UE with enhanced coverage mode.  We propose following.
· In order to decide whether simultaneous reception between unicast and SIBs/Paging/RACH response or not,
· To discuss the order of the delay on "delay tolerance service"
· To ask RAN2 on the following points
· What is RAN2 impact if simultaneous reception between unicast and SIBs/Paging/RACH responses in a TTI is not allowed?

· If simultaneous reception between unicast and SIBs/Paging/RACH responses in a TTI is allowed, what is
· In order to check 1000 bits TBS size in enhanced coverage mode for unicast, 

· To decide the maximum number of PDSCH repetition relatively early phase
· To discuss power consumption aspect on enhanced coverage mode
· To discuss control signalling overhead in dedicated traffic

· In order to clarify the relation with RAN2/SA2 study/work on MTC
· To discuss the relation at RAN plenary
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Annex. Power consumption comparison between category 1 and low cost category UE

Power consumption on 1000 bits TBS capable UE and 10000 bits TBS capable UE with enhanced coverage mode are compared. 10000 bits TBS capable UE is almost same as category 1 UE with enhanced coverage mode. Here we use 100 subframe repetitions as example.

If the amount of the data is 10000 bits, 10000 bits TBS capable UE can receive the data within 100 subframes. 1000 bits TBS capable UE require 1000 subframes. In very rough level of the power consumption comparison, RF part power consumption scales linearly to the time to receive/transmit. Baseband/logic part of power consumption more depends on the amount of the data size than the time to require to receive/transmit. For simplified calculation, 10000 bits baseband/logic power consumption is same between 1000 bits capable UE with 1000 subframes and 10000 bits capable UE with 100 subframes. Then power difference would be following.

- If RF versus Baseband/logic power consumption ratio is 0.5: 0.5, 1000 bits capable UE with 1000 subframes consumes 5.5 times power consumption.

- If RF versus Baseband/logic power consumption ratio is 0.75: 0.25, 1000 bits capable UE with 1000 subframes consumes 7.75 times power consumption.

- If RF versus Baseband/logic power consumption ratio is 0.25: 0.75, 1000 bits capable UE with 1000 subframes consumes 3.25 times power consumption.

Therefore, 1000 bits TBS capable may consumes power 3-7 time in enhanced coverage mode in case of 100 times repetition.
