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1 Introduction 
In RAN1#76bis, one open issue identified in RAN 1 is:
· Whether or not Cat. 0 UEs can be served by eNBs without knowledge of Cat. 0 UEs, and if so, any issues

In this contribution, the above issues are studied from RAN 2 perspective.
2 Discussion
2.1 Cat 0 UE operation in non-Cat 0 aware eNB

Due to the 1000 TBS limitation, the eNB scheduler needs to be aware that a UE is Cat 0 and thus unlike other new UE Category, Cat 0 is not backwards compatible.  This would reduce the number of networks that Cat 0 UE can be deployed which reduce its time to market and may make it difficult to achieve economy of scale.  If the number of Cat 0 UE is not significant, it may reduce the incentive of network vendors from implementing a Cat 0 aware eNB, i.e., we may have a chicken and egg problem. Furthermore, there is also the migration issue where eNB is only upgraded typically areas by areas. This means that Cat0 UE can only be used in areas where the eNB has been upgraded to support Cat0 UE and does not get service in the areas where eNB has not been upgraded to support Cat0 UE. It is therefore attractive if Cat 0 UE can operate in non-Cat 0 aware eNB since this would immediately provide Cat 0 UE with a large market and also better service continuity.
The possibility of operating Cat 0 UE in non-Cat 0 aware eNB was considered in [2]. In [3] 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.

RAN 1 is currently discussing the impact of 1 RX antenna to RAR, paging and MIB/SIB1/SI. The following discusses briefly the consequence in each case from a higher layer view:

RAR

With 1 RX antenna, the number of RAR that can be carried in a RAR PDU is reduced. For example in EPA 1Hz, 25 PRBs can carry only a single RAR using 1 Rx compared to 3 RAR if 2 Rx antennas are used [1]. Normally the eNB spread the RARs over the RA window and the occasion where RAR containing 3 RARs can be quite rare. Even if the eNB did not spread over the RA window or the number of RARs within a RAR PDU after spreading over RA window still results in coverage issue for LC MTC UE, only LC MTC UE at the cell edge may not be able to decode RAR PDU and the consequence is that it retransmits another preamble at higher power. lThe impact to system performance is limited by the maximum UL power of the UE.
Paging
Likewise to RAR, the number of paging records that can be carried in a paging message is reduced. The number of paging records within a paging message depends on the number of paging occasions and the number of UE being paged. The larger the number of paging occasions, the less likely multiple paging records within a paging message. Even if the number of paging occasions is low which result in higher number of paging records within a paging message, it is quite likely that only LC MTC UEs at the cell edge may not be able to decode the paging message. The consequence is that the MME may have to retransmit the paging record of these LC MTC UEs. The impact to system performance is limited to the maximum retransmission for a paging record.
MIB/SIB1/SI

There is no foreseeable problem as LC MTC UE can accumulate the energy over the repetitions of the MIB/SIB1/SI.

As analysed above, operating of Cat 0 UE in a non-Cat 0 eNB is best effort and may lead to some impact to system performance compared to a eNB that recognises Cat 0 UE (NOTE: Cat 0 UE would still lower the system performance of a eNB that recognises it due to the TBS limitation). If the coverage of Cat 0 aware eNB is not continuous, it may even lead to Cat 0 UE not getting service as well as poor mobility performance of Cat 0 UE.  This can of course be an interim operation, which can be upgraded so that the eNB recognises Cat 0 UE, when the number of Cat 0 UE becomes significant Cat 0 UE in a cell.  Such an upgrade would offer higher benefit (e.g. system performance gain) compared to upgrading it when the number of Cat 0 UE is small.

Proposal#1: Consider allowing Cat 0 UE to operate in non-Cat 0 eNB.
2.2 Additional LC MTC UE impact to operate in legacy eNB
Other than the constraint of 1RX antenna, the other restriction is 1000bit TBS size on the UL and DL of unicast channel.
DL of unicast channel
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.

Proposal#2: In the downlink, Cat 0 UE can impose a maximum CQI that it can report so that the eNB would avoid scheduling DL TBS>1000bits

UL of unicast channel
In the last RAN 2 meeting, a working assumption was made where the UE reports a BSR < 1000 bits prior to revealing its UE category to the eNB.  Similarly, such reporting can also be used to avoid the non-Cat0 eNB from scheduling TBS > 1000 bits in all the uplink transmissions for the Cat 0 UE. This can be done by Cat 0 UE imposing the aggregate buffer size (i.e. the sum of buffer size for all LCGs in the BSR) to less than 1000bits. As a result of this, some new behaviour to a Cat 0 UE:
· It may not reflect the true buffer status as is required

· It may rely on retx-BSR timer more to request for more grant  

Proposal#3: In the uplink, Cat 0 UE can impose the aggregate buffer size (i.e. the sum of buffer size for all LCGs in the BSR) to less than 1000bits to avoid the eNB scheduling UL TBS>1000bits  

Other issues

RAN2 has agreed that “A low cost MTC UE may access a cell only if SIB1 indicates that access of low cost MTC UEs is allowed”. Such an indication is still useful even if we allow Cat 0 UE to operate in non-Cat 0 eNB since it would indicate to the UE whether to use a different BSR or CSI reporting scheme or manipulate the UE capability to ensure the RRC Connection Reconfiguration message after initial establishment is smaller than 1000bits. However, if RAN 2 accept Proposal 1, it should not stop a Cat 0 MTC UEs from accessing the non-Cat 0 cell.

Proposal#4: If proposal#1 is agreed, the Cat 0 UE can access a non-Cat 0 cell.

3 Conclusion

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

Proposal#1: Consider allowing Cat 0 UE to operate in non-Cat 0 eNB.
Proposal#2: In the downlink, Cat 0 UE can impose a maximum CQI that it can report so that the eNB would avoid scheduling DL TBS>1000bits

Proposal#3: In the uplink, Cat 0 UE can impose the aggregate buffer size (i.e. the sum of buffer size for all LCGs in the BSR) to less than 1000bits to avoid the eNB scheduling UL TBS>1000bits  

Proposal#4: If proposal#1 is agreed, the Cat 0 UE can access a non-Cat 0 cell.
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