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1 Introduction

The following agreement was made in RAN2#85 [1]:

	Agreements
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.

1
A new UE Category, presented by Category 0 with the restricted maximum TBS and total layer2 buffer size related to TBS restriction, needs to be defined in 36.306. 

2
A low cost UE may support eMBMS (optional) and if it does it shall support a TBS size for MBMS reception of [10296] (like Category 1). 

6
A low cost MTC UE may access a cell only if SIB1 indicates that access of low cost MTC UEs is allowed. 

7
If the UE is not able to receive multiple Transport Blocks within a subframe due to max TBS and/or bandwidth limitation, it’s up to UE implementation which TB to prioritize.

8
No changes/enhancements for support of half duplex are required from RAN2 point of view. 




In the RAN 1 LS, RAN 1 has increased the TBS limit for common channels (i.e. RA-RNTI, P-RNTI and SI-RNTI) to 2216bits. The TBS limit for unicast channels are kept at 1000bits. The PRB/PDSCH bandwidth restriction is still being discussed in RAN 1 and the current restriction is 6PRBs for both common and unicast channels. 

In this contribution, it investigates the impact of the restriction to the common channels (SI, paging and RAR).
2 Discussion
RAN1 has relaxed the TBS size restriction for the common channels from 1000bits to 2216bits. This change means that eNB does not need to do special handling on the TBS size for low complexity MTC UE. 
The only thing left is on the PDSCH bandwidth restriction for both the common channels and unicast channels. There are 2 issues related to the PDSCH bandwidth restriction as follow:

· PDCCH decoding delay

· Coverage reduction
PDCCH decoding delay

In legacy UE, the UE stores the PDSCH while it is decoding the PDCCH. With PDSCH bandwidth restriction, the UE can only store up to the 6PRBs. The UE needs to know which PRBs to store in the buffer. RAN 1 is still discussing this and there are proposals that do not require eNB to perform special handling. One way that was discussed is to buffer only the 1st slot while the low cost MTC UE decodes the PDCCH and then it knows exactly which PRBs to buffer in the 2nd slot.  This may have a small incremental cost in post FFT buffer compared to being able to reduce the number of buffered PRBs already in the first slot, but such cost would be insignificant when economy of scale is achieved. This method can be applied to both common channels and unicast channel
Observation#1: RAN may devise a method such that PDCCH decoding delay due to PDSCH bandwidth restriction does not have network impact. This method can be applied to both common channels and unicast channel
Coverage restriction
Another issue of PDSCH bandwidth restriction is the coverage reduction due to the limited number of PRBs. RAN 1 is currently discussing the increase of PDSCH bandwidth to at least 15PRBs from 6PRBs. Even with this number of PRBs, it should be noted that using 15 PRBs at QPSK would still require high coding rate when the TBS is large.
In the subsequent sections, the impact of the common channel related to SI-RNTI, P-RNTI and RA-RNTI are analysed
2.1 System Information

The following is the size of the different SIBs used by the MTC UE:

	SIB
	Worst case size (bits)

	1
	552

	2
	528

	3
	144

	4
	504

	5
	4344

	14
	120


The only SIB that can be quite large is SIB 5 and the SI related to this SIB may have coverage reduction issue. In order to overcome the coverage reduction, repetition in time (as opposed to frequency i.e. PRB) is normally used. This can be done by eNB increasing the number of SIs within a SI window and this may have ‘cost’ to the UE. This needs to be further investigated.
Observation#2: There is ‘cost’ incurred on the UE for increasing the repetitions in a SI window

2.2 Paging
For paging, the maximum size of a paging message = 1600 bits (if all the 16 Paging records are IMSI and all the IMSIs are 21 octets). ). The occurrence of maximum size of a paging message can be quite unlikely, particularly for paging records containing IMSI. Even if it happens and more PRBs are used to transmit the paging message than low complexity can handle, there is still the possibility that the low complexity UE may still be able to decode properly the paging message. If it can’t, the consequence is that the MME may have to retransmit the paging record of the low complexity UE and by the next instant, the paging message size may not be again large. This should be acceptable if it happens, and there is no special handling necessary by the eNB. 
Since the occurrence of such maximum size paging message is rare and the consequence if occurs is acceptable, no special handling by the eNB is required.
Proposal#1: No special handling is required by the eNB on the paging message.

2.3 RAR
For RAR, the maximum size of a RAR can be as large as 3584 bits. This is assuming that eNB is responding to 64 preambles at the same time. Again such scenario can be quite rare. Even if it occurs, in most cases, the eNB will spread the RARs over the RA window. If the eNB did not spread over the RA window, the consequence is that low complexity UE may not be able to decode RAR PDU and retransmit another preamble at higher power and in the next RA window, the number of preamble attempts may have reduced and the RAR PDU may not be again large. If it happens the consequence should be acceptable and there is no special handling necessary by the eNB. 

Since the occurrence of large RAR is rare and the consequence if occurs is acceptable,, no special handling by the eNB is required.

Proposal#2: No special handling is required by the eNB on the RAR.

3 Conclusion

In this contribution we analyse the impact of low complexity UE to common channels.  RAN 2 is requested to discuss the following observation and proposals: 
Observation#1: RAN may devise a method such that PDCCH decoding delay due to PDSCH bandwidth restriction does not have network impact. This method can be applied to both common channels and unicast channel

Observation#2: There is ‘cost’ incurred on the UE for increasing the repetition in a SI window

Proposal#1: No special handling is required by the eNB on the paging message.

Proposal#2: No special handling is required by the eNB on the RAR.
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