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1. Introduction
The previous status of the low cost MTC work can be summarized as the following.
In the RAN2 #85 meeting, the following agreements for Low Cost MTC were reached in [1]: 

1
The NW should be able to determine that a UE is a low cost device based on Msg1 or Msg3 (decision depends on whether eNB needs to know which PRBs to use for Msg2) 

2
Include the low complexity capability in the UE capability signalling message (possibly implicitly as part of a new category).

3
FFS whether the eNB needs to know whether a UE is a low cost UE when sending a paging message.

In RAN1 #76 meeting, some discussions were also triggered by the RAN2 LS in R2-134596, and the following agreements were made [2].
For PDSCH of the low complexity MTC UEs at least not in coverage enhancement:

· The maximum TBS shall be 1000 bits for unicast transmission on PDSCH.

· The maximum TBS shall be 2216 bits for data types referenced by SI-RNTI, P-RNTI, and RA-RNTI.

There is one LS sent to RAN2 [3], where one action is given to RAN2.
ACTION: 
RAN1 respectfully asks RAN2 and RAN3 to response to the question on whether it is possible for eNB to know whether a UE is TBS/bandwidth limited or not for paging and random access response. 

As the TBS limitation for SI, paging and RAR is now relaxed to 2216 bits, which is the same as in the existing specification, there is no new impact due to the TBS limitation on common channels in SI, paging and RACH procedures. 

In this contribution we discuss on the following aspects

· The impact due to bandwidth reduction on SI, paging and RACH messages from coverage point of view

· The impact due to bandwidth reduction from eNB scheduling point of view

We also provide our views on the questions raised by the RAN1 LS [3] as listed above. 
2. Discussion
2.1
Relaxation of 6 PRB bandwidth restriction 
As the 2216 bits maximum TBS for SI, paging and RAR is agreed to be kept in the low cost work, it leads to a question whether the 6 PRB bandwidth restriction is realistic to convey such TBS. 
It is known that the SI messages, if multiplexing a few SIBs, can be close to 2216 bits depending on the scenario. From the TBS Table in TS 36.213 (section 7.1.7.2.1 v11.2.0), it is clear that to support 2216 bits with QPSK, it at least requires 14 PRBs. Therefore, to maintain the similar coverage of SIBs as current system design, it is necessary to relax the bandwidth limitation to be greater than 6 PRBs (one of the proposed wayforward captured in [2] is 15 PRBs).
Similar analysis applies to RACH and Paging messages, which might have smaller size than 2216 but may face even more server coverage degradation with 6-PRB limitation due to lack of retransmissions by design. 

With the discussions above we make the following observation.
Observation 1
As the maximum TBS is kept 2216 bits for SI, RACH and paging messages, it is desirable to relax the bandwidth restriction to allow similar coverage as existing system design. The exact amount of possible relaxation can be left to RAN1 discussions. 
2.2 
Impact of bandwidth restriction from eNB scheduling point of view
2.2.1 Scheduling Options for low cost MTC

Before going into the details we first look at the high level impact with bandwidth reduction. As summarized in [4] the following are possible options to schedule the common and/or unicast channels:
· Option 1: PDCCH with same sub-frame scheduling.

· Option 2: Semi-static PRB location or predefined PRB locations, with PDCCH within same subframe to indicate exact resource allocation. 

· Option 3: PDCCH cross-subframe scheduling
Option 3 clearly causes great specification impact and additional complexity as the HARQ timing is changed. Option 1 and 2 can be briefly compared as the following.
Option 1, the transmission bandwidth of data channel (i.e., PDSCH) is limited to 6 PRB (in case without relaxation) via dynamic scheduling

· Pros: reuse existing scheduling mechanism
· Cons: higher requirements in UE buffering and therefore potentially less benefit in terms of cost saving 

Option 2, the PRB locations are predefined or signalled before hand in a semi-static manner

· Pros: lower requirements in UE buffering compared with Option 1
· Cons: more specification effort or signalling support compared with Option 1, and needs to define semi-statically configured or predefined PRB sets, and more scheduling restriction than Option1. 
Observation 2
Scheduling Option 1 for bandwidth reduction reuses existing scheduling mechanism and requires lowest specification effort. 
2.2.2 Analysis on the common channels
In this section we discuss in details the possible impact of restricted transmission bandwidth on RACH, paging and SIB. 

RACH 

No matter Option 1 or 2 is selected for bandwidth reduction, it is useful to clarify the following questions

· Q1) What is the impact if eNB knows that a UE is low cost until after connection establishment 

· Q2) If eNB needs to know that a UE is low cost before connection establishment, does it know based on Msg1 or Msg3?

It is clear that if eNB knows that a UE is low cost until after connection establishment, it needs to treat all UEs as low cost in RACH. The possible impact on Msg2/4 scheduling is discussed in the Table below.
Table 1 Possible impact if all UEs are treated as low cost (i.e., with bandwidth reduction)

	
	Scheduling of Msg2
	Scheduling of Msg4

	Option 1
	Impact is limited.

· Scheduling restriction: All UE’s Msg2 transmissions are restricted to 6 PRBs based on dynamic scheduling. 
· Coverage: The maximum Msg2 size is 1024 bits, so the resulted TBS index is 10, which leads to high effective coding rate according to the TBS table in TS 36.213, given that the modulation is QPSK for Msg2 transmission. So the coverage performance may be impact if the bandwidth restriction is not relaxed as analyzed in section 2.1. 
	Impact is limited.

· Scheduling restriction: All UE’s Msg4 transmissions are restricted to 6 PRBs based on dynamic scheduling. 
· Coverage: As Msg4 is unicast traffic, the TBS restriction is still 1000 bits. The maximum Msg4 size can be much greater than 1000, but typically only parameters that are different from the default configuration needs to be signalled in msg4. The coverage impact is similar as for Msg2, if the size of Msg4 approaches 1000 bits. For smaller message size the impact is less. 

	Option 2
	Besides the impact analyzed for Option 1, there may be extra signalling overhead or specification effort to indicate the semi-static or predefined PRB set to the UEs. Detailed mechanism is under discussion in RAN1.
	Besides the impact analyzed for Option 1, there may be extra signalling overhead or specification effort to indicate the semi-static or predefined PRB set to the UEs. Detailed mechanism is under discussion in RAN1.


From Table 1, it is seen that both Option 1 and 2 introduce scheduling restriction (on different levels respectively), and the coverage impact depends on the message size and also on whether the bandwidth reduction requirement can be relaxed as analyzed in section 2.1. 

On the other hand, for Opiton 2 the exact requirement on signalling overhead or specification effort can only be understood based on some RAN1 guidance after their discussions.
Based on the discussions we have the following observations and proposals
Observation 3
Option 1 introduces scheduling restriction for eNB, and may have coverage problem with the bandwidth reduction requirement of 6-PRB.
Observation 4
With relaxed bandwidth reduction requirement (e.g., to 15 PRBs), the impact with Option 1 is not much, even if eNB knows that a UE is low cost until after connection establishment.

Proposal 1
If Scheduling Option 1 is adopted and if the bandwidth reduction requirement is relaxed to 15 PRBs , there is no need to indicate whether the UE is low cost or not by Msg1 or Msg3 in RACH.

Observation 5
If Scheduling Option 2 is adopted, the impact if eNB knows that a UE is low cost until after connection establishment or by Msg1/3 needs to be discussed after RAN1 provides mechanism of Option 2.
Paging 

One question raised in the LS [3] is 
· whether it is possible for eNB to know whether a UE is TBS/bandwidth limited or not for paging?
Firstly, the target UE of paging may be in IDLE mode. eNB doesn’t store any information for IDLE UE. Hence eNB can’t obtain whether paging UE is a low cost MTC UE by itself. Secondly, we discuss if eNB can get it from MME. Although MME store the UE’s capability, MME doesn’t decode it for it isn’t a NAS message. In case MME can know whether UE is a low cost MTC UE, it needs to introduce new CN procedure and S1 signaling to inform eNB. In WID, this WI can’t impact CN. Hence eNB can’t obtain whether paging UE is a low cost MTC UE from MME.
Observation 6
It is impossible for eNB to know whether a UE is TBS/bandwidth limited or not for paging.

The above observation means eNB needs to treat all UEs as low cost in paging. The maximum paging message size is around 1400 bits, and as analyzed in section 2.1 the coverage performance if paging message is restricted to 6 PRBs is questionable. 
Observation 7
eNB should treat all UEs as low cost in paging with either Scheduling Option 1 or Option 2. 
SIB

SIB by its nature is for all the UEs. Therefore, eNB should follow the bandwidth reduction restriction with either Opiton 1 or 2. 

For Option 1, there is no other impact to the eNB scheduler except for the 6-PRB restriction. 

For Option 2, there are multiple possible ways to semi-statically indicate the PRB sets for SIB transmissions, which are under discussions in RAN1 [5]. For example, the ways that requires greater specification effort include that the PRB location may be indicated in MIB, SIB1, or written in the spec. Another simple way is just to let UE assume PRB locations based on the previous DCI to assign the SIB within the same or a previous SI-window. In this way, eNB scheduling can ensure the PRB locations of the SIB message transmissions are the same for UE’s proper decoding. 
Observation 8
If the scheduling of SIB transmissions is restricted to a reduced bandwidth, UE can assume the same PRB locations based on the previous DCI to assign the SIB within the same or a previous SI-window.
2 Conclusion

In this contribution, we discuss on low cost MTC impact. Our conclusions are listed in the following.
On Bandwidth reduction relaxation

Observation 1
As the maximum TBS is kept 2216 bits for SI, RACH and paging messages, it is desirable to relax the bandwidth restriction to allow similar coverage as existing system design. The exact amount of possible relaxation can be left to RAN1 discussions.
On scheduling options with bandwidth reduction

Observation 2
Scheduling Option 1 for bandwidth reduction reuses existing scheduling mechanism and requires lowest specification effort. 
On RACH

Observation 3
Option 1 introduces scheduling restriction for eNB, and may have coverage problem with the bandwidth reduction requirement of 6-PRB.
Observation 4
With relaxed bandwidth reduction requirement (e.g., to 15 PRBs), the impact with Option 1 is not much, even if eNB knows that a UE is low cost until after connection establishment.

Proposal 1
If Scheduling Option 1 is adopted and if the bandwidth reduction requirement is relaxed to 15 PRBs , there is no need to indicate whether the UE is low cost or not by Msg1 or Msg3 in RACH.

Observation 5
If Scheduling Option 2 is adopted, the impact if eNB knows that a UE is low cost until after connection establishment or by Msg1/3 needs to be discussed further after RAN1 provides mechanism of Option 2.
On Paging
Observation 6
It is impossible for eNB to know whether a UE is TBS/bandwidth limited or not for paging.

Observation 7
eNB should treat all UEs as low cost in paging with either Scheduling Option 1 or Option 2. 
On SIB

Observation 8
If the scheduling of SIB transmissions is restricted to a reduced bandwidth, UE can assume the same PRB locations based on the previous DCI to assign the SIB within the same or a previous SI-window.
Based on the observation 2 and the conclusions on the common channels, it is seen that Option 1 has smaller impact and lower complexity, while from RAN2 point of view Option 2 seems much more complicated and any further discussions on Option 2 may rely on some guidance from RAN1. Considering the pros and cons of the two Options we make the following recommendation

Proposal 2
Scheduling Option 1 has smaller impact and lower complexity from RAN2 point of view and is therefore recommended as solution for scheduling restriction in case of bandwidth reduction. 
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