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1 Introduction 
In RAN1#76bis, the following open issues were identified:
· 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 addition to these, in the LS to RAN2 [1], RAN1 is to further evaluate whether it is beneficial for eNB to be aware that a UE is LC-MTC during random access and paging.  This contribution will discuss some of these open issues further.

2 Discussion
The need to change PDCCH search space and DCI sizes and ACK/NACK resource allocation arise due to PRB restriction.  Since in RAN1#76bis, we agreed not to impose any PRB restriction, we do not consider these issues further.  The other aspects are discussed as follows:
2.1 1 Rx indication

Reducing the number of UE receiver antenna to 1 would have an impact on the capacity and coverage.  In [5], it is shown that number of RARs that can be carried reduces.  For example in EPA 1Hz, 25 PRBs can carry only a single RAR using 1 Rx compared to 3 RARs if 2 Rx antennas are used.  Therefore, the eNB would need to use a larger number of PRBs or multiplex fewer RARs in the same number of PRBs.  The eNB can avoid using more resources or reducing the number of RARs per message if is aware whether the preambles that it responds to originated from LC-MTC UEs (with 1 Rx antenna).  Similarly this can also be beneficial in determining the number of UEs to multiplex in a single paging message.  The capacity would only impact LC-MTC UE at coverage edge and since most of deployments are interference limited, this impact is not significant.
Observation 1: It is beneficial for the eNB to be aware that a UE is LC-MTC (1 Rx) for RAR and paging capacity scheduling.

In the SI, it is assumed that using 1 Rx instead of 2 Rx would reduce the downlink MCL by 4 dB [6], which leads to the MCL for FDD and TDD shown in Table 1.  It can be seen that for FDD the coverage is still uplink limited and hence the coverage is not impacted.  However for TDD, the coverage is downlink limited which has an impact on the coverage.  However, it should be noted that there will not be a coverage issue if the deployment is interference limited.
Observation 2: LC-MTC UEs with 1 Rx antenna have an impact on the TDD coverage. 

Table 1: MCL for Low Cost MTC UE

	Channel
	PUCCH (1A)
	PRACH
	PUSCH
	PDSCH
	PBCH
	SCH
	PDCCH (1A)

	MCL (FDD)
	147.2
	141.7
	140.7
	141.4
	145
	145.3
	142.1

	MCL (TDD)
	149.4
	146.7
	147.4
	144.1
	145
	145.3
	142.9


Based on these observations, we can conclude that it is useful but not essential that the UE indicate to the eNB that it is a LC-MTC UE with 1 Rx antenna.  However, if such indication does not cause significant impact to the specification then it is worth implementing it.  Since the RAR capacity is impacted, for random access, if an indication is required, the UE needs to make this indication at the preamble stage.  It is up to RAN2 to decide how to configure the preamble.

Proposal 1: Inform RAN2 that it is beneficial that the eNB is aware that a LC-MTC UE has 1 Rx antenna for random access and paging.
2.2 Cat 0 UE operation in non-Cat 0 aware eNB

Due to the 1000 TBS limitation, the eNB scheduler is impacted by Cat 0 UEs and thus unlike other new UE Category, Cat 0 is not backward compatible.  This would reduce the number of networks that Cat 0 UEs can be deployed in, which would reduce their time to market and may make it difficult to achieve economy of scale.  If the number of Cat 0 UEs is not significant, it may reduce the incentive of network vendors to implement a Cat 0 aware eNB, i.e., we may have a chicken and egg problem.  It is therefore attractive if Cat 0 UEs can operate in non-Cat 0 aware eNBs since this would immediately provide Cat 0 UEs with a large market.
The possibility of operating Cat 0 UE in non-Cat 0 aware eNB was considered in [7].  In [8] it is noted that the expected traffic in the downlink is 20 bytes per day and that in the uplink is 100 bytes per day.  Such traffic would unlikely lead to a TBS > 1000 bits.  However, if the traffic does require a TBS > 1000 bits, some measures can be used as described below.

In RAN2, a working assumption was made where the UE reports a BSR < 1000 bits prior to revealing its category.  Similarly, such reporting can be used to avoid the non-Cat0 eNB from scheduling TBS > 1000 bits in the uplink for the Cat 0 UE.  
In the downlink, the Cat 0 UE can impose a maximum CQI that it can report so that the eNB would avoid scheduling TBS > 1000 bits.  This maximum CQI can be adjusted by the UE.  If sub-band reporting or UE selected sub-band reporting is configured, then the UE can report highest CQI value for a few sub-bands and the lowest CQI for the others.  This would help to restrict the number of PRBs that the eNB would be likely to allocate to a UE.  It is of course feasible that there are very few UEs in the cell and wideband reporting is used.  In this scenario, even with the lowest MCS, if sufficient PRBs are allocated to the UE, the non-Cat 0 eNB may schedule a TBS > 1000 bits.  Under such scenario, either the outer loop link adaptation will adjust the TBS to below 1000 bits when receiving many NACKs or a RLF will be declared.
It should be appreciated that operating Cat 0 UEs in a non-Cat 0 eNB is best effort and may lead to lower system performance compared to a eNB that recognises Cat 0 UE (NOTE: Cat 0 UEs would still lower the system performance of an eNB that recognises it due to the TBS limitation).  This can of course be an interim operation, which can be upgraded so that the eNB recognises Cat 0 UEs, when the number of Cat 0 UEs becomes significant in a cell.  Such an upgrade would offer higher benefit (e.g. system performance gain) compared to upgrading the eNB when the number of Cat 0 UEs is small.
It would also be desirable to allow an operator with non-Cat 0 eNBs to bar Cat 0 UEs from accessing the cell.  Such a mechanism can be designed by RAN2.

It is recognized that RAN2 has introduced a new IE in SIB1 that indicates whether a eNB recognises Cat 0 UE.  Such an indication is still useful even if we allow Cat 0 UEs to operate in non-Cat 0 eNBs since it would indicate to the UE whether to use a different BSR or CSI reporting scheme.
Proposal 2: Allow Cat 0 UEs to operate in eNBs that do not specifically support Cat 0 UEs.
2.3 Transmission Mode
The TMs supported by Cat 0 UEs can be similar to those supported by Cat 1 UEs.  That is, TM1 to TM6 and TM9 for FDD and TM1 to TM7 and TM9 for TDD.  TM7, TM8 and TM10 are optional for FDD and TM8, TM9 and TM10 are optional for TDD.
Proposal 3: The TMs supported by Cat 0 UE are the same as those supported by Cat 1 UE.

2.4 EPDCCH & SPS

Since there is no PRB restriction for LC-MTC (Cat 0) UEs, there is no impact on EPDCCH operation.  EPDCCH is an optional feature and therefore it can also be an optional feature for LC-MTC.
Proposal 4: EPDCCH is an optional feature for LC-MTC (Cat 0) UEs.
SPS is targeted at VoIP like traffic with small but periodic packets.  LC-MTC UEs are unlikely to support such traffic.  However, SPS is mandatory since Rel-8 and there is no hardware cost to support SPS.  It should therefore be supported.

Proposal 5: SPS is supported by LC-MTC (Cat 0) UEs.
3 Conclusion

We discuss some open issues for LC-MTC UE.  We observe the following:

Observation 1: It is beneficial for the eNB to be aware that a UE is LC-MTC (1 Rx) for RAR and paging capacity scheduling.

Observation 2: LC-MTC UEs with 1 Rx antenna have an impact on the TDD coverage.
We propose the following:

Proposal 1: Inform RAN2 that it is beneficial that the eNB is aware that a LC-MTC UE has 1 Rx antenna for random access and paging.
Proposal 2: Allow Cat 0 UEs to operate in eNBs that do not specifically support Cat 0 UEs.

Proposal 3: The TMs supported by Cat 0 UE are the same as those supported by Cat 1 UE.

Proposal 4: EPDCCH is an optional feature for LC-MTC (Cat 0) UEs.
Proposal 5: SPS is supported by LC-MTC (Cat 0) UEs.
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