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1. Introduction

In RAN1#76bis meeting, the following agreements were made on DL resource allocation and the scheduling/HARQ timing for the low-cost MTC UE, and the following conclusions remained as FFS points on the details to support low-cost MTC operation including the half-duplex FDD case [1]. 
Agreement:

· For broadcast traffic, there is no explicit restriction on the resource allocation size for MTC UEs

· There is no change of the current mapping defined for existing UE categories between MCS indices and TBS lookup indices (I_MCS) for MTC UEs

· For unicast traffic, there is implicit restriction on the resource allocation size due to the max TBS limitation (1000 bits) under explicit MCS indices (e.g., the MCS indices mapped to explicit TBS lookup indices) for Cat 0 UEs

· For implicit MCS indices (e.g., 29/30/31 in the current MCS table), there is no restriction on the resource allocation size

· Note: 

· There is no cost saving gains of imposing an explicit restriction for unicast since there is no explicit restriction for broadcast traffic

· As brought up by some companies, an explicit restriction for unicast may be forward compatible considering possible narrow band related design for low cost UEs
Agreement:

· For category 0 UEs, the scheduling and HARQ timing for PDSCH and PUSCH are the same as category 1 UEs

· The case of HD-FDD is FFS
Conclusion:

· FFS till RAN1#77 focusing on at least the following areas:

· Whether or not current specification is sufficient to handle Tx/Rx and Rx/Tx switching

· Assumption of the number of local oscillators

· # of HARQ processes

· Soft buffer management

· Impact, if any, on PDCCH monitoring and CSI reporting

· Impact, if any, on PHICH handling
Conclusion:
· FFS until RAN1 #77 focusing on at least the following issues:

· Whether or not there is any need/benefits to change PDCCH search space and DCI sizes

· Impact, if any, on ACK/NAK resource allocation

· Whether or not Cat. 0 UEs can be served by eNBs without knowledge of Cat. 0 UEs, and if so, any issues

· Whether or not simultaneous unicast and broadcast is allowed (depending on whether or not there is a decision in RAN2 or not)

· Transmission mode(s) supported by Cat. 0 UEs

· Whether or not EPDCCH is supported

· Whether or not SPS is supported

· Issues, if any, on coverage for TDD with Cat. 0 UEs

· Details of Category 0 to be incorporated into 36.306
In this contribution, we provide our view on several remaining details for the support of low-cost MTC operation except for the half-duplex FDD case which is separately addressed in another contribution [2]. 
2. Remaining details on supporting low-cost MTC
█ Details of new UE category for low-cost MTC
First of all, in terms of defining the maximum TBS for the new UE category (i.e. Cat.0) for low-cost MTC, the following was already agreed [3]. 

Agreement:
· 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.
One remaining point to be additionally defined in TS 36.306 [4] is the maximum TBS of MCH for MBMS capable MTC UE. Regarding this point, several options can be considered as below.
1) Option 1: 2216 bits (same as for BCCH)

2) Option 2: 3112 bits (smallest TBS supported in 110 PRBs)

3) Option 3: 10296 bits (same as in UE Category 1)

In order to decide the maximum TBS of MCH for MBMS capable MTC UE, basically, it is needed to clarify in advance i) whether some MCH transmission for MBMS could be shared between MTC UE and normal UE, and ii) whether reduced maximum TBS for MCH would be reasonable even with consideration of later release. In case of Options 1 and 2, applicability and extendibility of MBMS service would be restricted for low-cost MTC UE due to the limited maximum TBS for MCH while cost increase in terms of decoding complexity can be avoided or reduced. On the contrary, Option 3 can support relatively flexible/efficient TBS determination for MCH transmission (comparable with existing UE Category 1) at the sacrifice of complexity. Based on these observations and with the considerations above, Option 3 is preferable since MBMS capability is an optional (not mandatory) feature which would be provided only for specific MTC UEs same as for other UE categories.
Secondly, it is currently discussed on whether simultaneous reception of unicast data and broadcast data is allowed for low-cost MTC UE. As no explicit PRB restriction was already agreed, it seems to be desirable to support simultaneous unicast/broadcast data reception with reasonable cost in terms of decoding complexity/latency. More specifically, it would depend on allowable combination of maximum TBS between unicast data and broadcast data. For example, if simultaneous reception of unicast data with maximum TBS and SIB with maximum TBS is allowed in RRC connected mode, allowable maximum TBS combination for [unicast, broadcast] would be [1000, 2216] bits. 
Proposal 1: Maximum TBS of MCH is defined as 10296 bits (same as in UE Category 1) for the MBMS 

capable MTC UE. 

Proposal 2: Simultaneous reception of unicast data and broadcast data is allowed for low-cost MTC UE 

with reasonable complexity. 

█ Support on transmission mode, EPDCCH, and SPS
On the transmission modes (i.e. TMs) to support low-cost MTC UE, considering basic CRS-based TM first, non-spatial multiplexing TM supporting single CW transmission would be sufficient since the low-cost MTC UE may have limited number of layer/rank by single Rx antenna. And considering compensation of potential DL coverage loss on the low-cost MTC UE due to single Rx antenna, it would be beneficial and desirable in network operation to support DMRS-based TM for the low-cost MTC UE. Here, in case of the TM supporting up to 2 TBs, it can be considered to omit the fields related to 2nd TB in the TM-dedicated DCI format due to layer/rank limitation of the low-cost MTC UE.
On the support of EPDCCH for low-cost MTC UE, there is no reason to differently treat the new UE category (i.e. Cat.0) for low-cost MTC from other existing UE categories. In other words, it seems reasonable that EPDCCH supportability would be provided as a UE capability for the new Cat.0 similarly as for other existing UE categories. Moreover, it would also be useful for eNB to configure EPDCCH for the low-cost MTC UE with the purpose of DL coverage compensation. 
On the support of SPS for low-cost MTC UE, similarly as for the case of EPDCCH above, there is no reason to differently treat the low-cost MTC UE from other UEs. Preferably, considering delay-tolerant MTC traffic and control overhead reduction, it seems reasonable to essentially support SPS for low-cost MTC UE. 
Proposal 3: For low-cost MTC UE with single Rx antenna, CRS-based TM without spatial multiplexing 

is supported as baseline and DMRS-based TM is also supported for compensation of DL 
coverage. 
Proposal 4: It is natural to support both EPDCCH and SPS for low-cost MTC UE similarly as for other 
existing UEs. 
█ Support by eNBs without knowledge of MTC UE category
It is currently discussed on whether low-cost MTC UE can be served by eNBs without knowledge of its new UE category (i.e. Cat.0). According to some opinions, it might be possible by faking MTC UE’s category as one of the existing UE category (e.g. Cat.1), and by manipulating CSI report as the one corresponding to the lowest MCS considering implicit PRB limitation due to reduced maximum TBS. 
Before discussing on this issue, it is to be reminded that the following paragraph is already captured in TR 36.888 [5] based on the consensus during SI phase. According to this, it is desirable that low-cost MTC UE with simplifications affecting UE/network performance is to be identified to eNB by reporting its UE category (Cat.0), and with this identification, special policy or handling is to be applied in the eNB for scheduling or serving/blocking the Cat.0 UEs to limit adverse impact on the network. In other words, without this identification, for example, by faking UE category (and/or manipulating CSI report), network operation would be affected in terms of scheduling and/or overhead. Moreover, this impact might be unexpected from network side and would be more critical as the number of such MTC UEs increases. 
	8.1   Restricting the techniques to a new UE category

The aim of introducing a new MTC-specific UE category would be to restrict any adopted 
MTC-related low-cost technique affecting the UE and/or network performance to this new UE category only.
This solution makes sure the existing UE categories are not affected by the simplifications 
intended for low-cost MTC UEs, by: 

▪  defining a new UE category specifically for low-cost MTC devices, and;

▪  restricting any simplification technique affecting the UE and/or network performance 
to operate only with this UE category. 

This solution allows the network to identify the UEs which use simplifications affecting the UE or network performance, since the UE reports its category upon initial connection. 

This identification would, for example, enable the network to apply specific scheduling policies or specific service handling to these UEs, in order to limit their potential adverse impact on the network performance, or alternatively, it could be considered whether the network can decide to block the UEs from this UE category in case their subscription information does not match with MTC.
[……]


Therefore, in order to avoid unexpected adverse impact on network performance/operation, it seems desirable that low-cost MTC UE can only be served by the eNB with knowledge of new Cat.0.
Proposal 5: It is desirable that low-cost MTC UE can only be served by the eNB with knowledge of new 

MTC UE category (i.e. Cat.0).

3. Conclusion
We discussed on several remaining details for the support of the low-cost MTC operation. Finally, we propose: 
Proposal 1: Maximum TBS of MCH is defined as 10296 bits (same as in UE Category 1) for the MBMS 

capable MTC UE. 

Proposal 2: Simultaneous reception of unicast data and broadcast data is allowed for low-cost MTC UE 

with reasonable complexity. 

Proposal 3: For low-cost MTC UE with single Rx antenna, CRS-based TM without spatial multiplexing 

is supported as baseline and DMRS-based TM is also supported for compensation of DL 

coverage. 

Proposal 4: It is natural to support both EPDCCH and SPS for low-cost MTC UE similarly as for other 

existing UEs. 
Proposal 5: It is desirable that low-cost MTC UE can only be served by the eNB with knowledge of new 

MTC UE category (i.e. Cat.0).
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