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Discussion
1 Introduction
At RAN#63 plenary meeting, a revised Work Item on Low cost & Enhanced coverage MTC UE for LTE was approved. One of the objectives is still to define a new UE category/type for MTC operation in all LTE duplex modes with 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
However, the scope of the revised work item was reduced to just focus on the low complexity UE aspects.
Also, the following agreements were reached:
-
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) 

-
Include the low complexity capability in the UE capability signalling message (possibly implicitly as part of a new category)
-
FFS whether the eNB needs to know whether a UE is a low cost UE when sending a paging message.
In this contribution, we discuss and clarify the issues still open and provide our proposal.
2 Discussions
2.1 Discussion on TB size limit 
During the previous meetings, there were many discussions on the drawbacks of the limitation of maximum TBS size of 1000 bits, e.g.:
· When limiting the transmission within 6 PRBs, the information contained in the SIBs may be reduced, the limited information would further impose some constraints on the procedures linked to those SIBs, such as handover, therefore affecting also regular UEs.
· MAC PDU for random access response will be size limited to 1000 bits and the number of RAR records in one message will have to be limited in all cases unless the eNB could distinguish the UE's of the new low cost UE category. This will result in access delay for the regular UEs and also reduce the RA capacity.
RAN1 had a lot of discussions on this issue and the following agreement was reached at RAN1 #76:

“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.”
Observation 1: RAN1’s new agreement about the maximum TBS for data types referenced by SI-RNTI, P-RNTI, and RA-RNTI relaxes the limitation on downlink maximum TBS for SIBs, paging and RAR messages transmission. 
Proposal 1: RAN1’s new agreement should be considered during the following discussion in RAN2.
2.2 PRB location for PDSCH scheduling
With the existing scheme that the frequency location of the reduced DL bandwidth is indicated by PDCCH, the UE has to buffer the PDSCH message over the full bandwidth before such information is decoded. So it’s important for low cost UEs to determine the PDSCH PRB location. And the mechanism to determine the PDSCH PRB location may have affect on RAN2 specifications.
In an email discussion after RAN1#76, PDSCH PRB location options for low cost UEs not in coverage enhancement were discussed. Generally there are two kinds of PDSCH scheduling schemes for both common channel transmission and unicast transmission: scheduling PDSCH within the entire bandwidth and scheduling PDSCH within limited number semi-static or pre-defined PRBs.
The scheme of scheduling PDSCH within the entire bandwidth could achieve better scheduling gain/flexibility and minimum specification, but low cost UEs would need to buffer all post-FFT data throughout the entire carrier bandwidth. The scheme of scheduling PDSCH within a limited number of semi-static or predefined PRBs could let UEs know the PRB locations in advance, but imposes restrictions on scheduling flexibility or frequency selective scheduling gain.
For common channel transmission, we recommend the option of scheduling PDSCH within limited number semi-static or predefined PRBs, with PDCCH within the same subframe to indicate the exact resource allocation.
Proposal 2: RAN2 should discuss whether there are reserved bits in MIB/SIB1 that could be used to indicate the location of PRBs for PDSCH scheduling. 
2.3 PRB restriction
With RAN1’s agreement, the restriction on downlink maximum TBS for transmitting the BCCH messages such as SIBs, paging and RAR is relaxed. Considering the case of simultaneous transmission of different traffic types by low cost MTC UEs, at least the total maximum TBS should be 2216 bits. Furthermore, in heavy traffic scenarios, the total traffic size would reach 2216 bits. Only using high-order modulation and transmission repetition could fit such traffic into 6 PRBs, but the repetition would consume extra PDCCH capacity and result in increased latency. 
For PDSCH scheduling, downlink control channel can be PDCCH and/or EPDCCH. If EPDCCH is used for scheduling PDSCH, it would occupy additional PRBs which share resources with PDSCH.
Proposal 3: It’s reasonable to relax the restriction from 6PRB to 15PRB for the downlink channel.
2.4 UE capability indication
It’s clear how to define a new low cost UE category (i.e. UE category 0) in the specification. In TS 36.331, the UE category is included in the UE-EUTRA-Capability IE, where it is defined as a mandatory present Rel-8 IE with a value range from 1 to 5. Low cost MTC UE’s capability is lower than legacy UEs. So if the eNB regards the UE category in the UE-EUTRA-Capability IE (in the range from 1 to5) as the UE’s capability, low cost MTC UEs may fail. There was a proposal that if the eNB receives the UE category 1-5 and an additional low cost category included in UE-EUTRA-Capability, the eNB shall ignore the category 1-5 indication. 
However, the UE category 0 defined in the UE-EUTRA-Capability IE could only be used after RRC connection setup completion.
With the RAN1’s agreement described in Section 2.1, the restriction on downlink maximum TBS for transmitting the BCCH messages such as SIBs, paging and RAR is relaxed. However there still exists a restriction on the downlink bandwidth. Considering such restriction, whether or not to indicate the UE’s low complexity capability to the eNB before connection setup should be discussed.
If, in the following discussions, RAN1 could also agree to relax the downlink bandwidth limit of 6PRBs, the restriction on the RAR message size and RAR delay for legacy UEs could be resolved or be alleviated. There will be no need to indicate the UE’s low complexity capability to the eNB before connection setup. Otherwise, the need will still exist.
Two potential ways to indicate the low complexity capability to the eNB have already been suggested during the previous meetings：
· Option 1: inserting related information in RACH Msg3. 
· Option 2: using separate PRACH resources for low complexity UE access (partitioning preambles or configuring a new PRACH resource). 
For Option 1, the major problem is that available bits are rare. The other problem is that the low cost MTC UEs share the same random access preamble pool with the legacy UEs. Considering the huge quantity of low cost MTC UEs, the collision probability of Msg1 during random access procedure will be increased sharply and it may result in a large access delay both for legacy UEs and low cost MTC UEs. Furthermore, because of no awareness of whether the detected Msg1 is transmitted from low cost MTC UEs, the single receive RF chain performance loss of Msg2 should be compensated by the eNB even though the Msg1 is actually transmitted by a legacy UE, and it will result in  unnecessary power consumption.
For option 2, separating preamble resources from the existing 64 preambles pool for low cost UEs (i.e. partitioning preambles) could also be questioned, because the collision probability in each pool of the dedicated preamble resources might increase. Consequently, the RA success rate may decrease and persistent congestion on the specific pool might occur in case there are mass accesses from MTC devices.
If independent Low Cost MTC UE specific PRACH preambles are configured, no PRACH preamble collision would occur between legacy UEs and low cost MTC UEs. The random access procedure of legacy UEs will not be affected. And single receive RF chain performance loss can be correctly compensated only for low cost MTC UEs. 
Proposal 4: It’s better to configure specific PRACH preambles beyond the 64 preambles for the low cost MTC UEs. Furthermore, new RA-RNTI or new DCI format should be defined.
Proposal 5: Considering that there may be some cases for the MME to inform the eNB of the low complexity capability of UEs, no matter whether a low complexity capability will be introduced in Msg1, introduction of a new UE category in UE-EUTRA-Capability is still necessary.
3 Conclusions
Observation 1: RAN1’s new agreement about “The maximum TBS shall be 2216 bits for data types referenced by SI-RNTI, P-RNTI, and RA-RNTI” relaxes the restriction on downlink maximum TBS for SIBs, paging and RAR messages transmission. 
Proposal 1: RAN1’s new agreement should be considered during the following discussion in RAN2.
Proposal 2: RAN2 should discuss whether there are reserved bits in MIB/SIB1 that could be used to indicate the location of PRBs for PDSCH scheduling.
Proposal 3: It’s reasonable to relax the restriction from 6PRB to 15PRB for the downlink channel.
Proposal 4: It’s better to configure specific PRACH preambles beyond the 64 preambles for the low cost MTC UEs. Furthermore, new RA-RNTI or new DCI format should be defined.
Proposal 5: Considering that there may be some cases for the MME to inform the eNB of the low complexity capability of UEs, no matter whether a low complexity capability will be introduced in Msg1, introduction of a new UE category in UE-EUTRA-Capability is still necessary.
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