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1 Introduction
Within the Rel-12 work item on “Low cost & enhanced coverage MTC UE for LTE” [1] a new low complexity UE type is being specified. RAN1#76bis agreed not to introduce any restriction of the PDSCH resource allocation size for these UEs [2]. With that, there is a need to specify a low complexity UE type supporting the following capabilities:

· Single receive antenna
· Maximum TBS of 1000 bits for unicast transmission on PDSCH
· Maximum TBS of 2216 bits for data types referenced by SI-RNTI, P-RNTI, and RA-RNTI
RAN1 has informed RAN2/3/4 regarding the following [2]:

It was shown by one company that if eNB knows a Category 0 UE with 1 RX antenna, e.g. during Paging and/or RAR, it helps increase random access response capacity. However, RAN1 has not concluded the study on whether or not it is beneficial for the eNB to know a Category 0 UE with 1 RX antenna, e.g. during Paging and/or RAR. RAN1 will further discuss it in RAN1#77 and will inform RAN1’s updates on this issue, if any, to RAN2 accordingly.

This contribution discusses different aspects of eNB knowledge of the low complexity UE capabilities.
2 Discussion
2.1 Random access response

The eNB transmits the random access response message on the DL-SCH in response to the detected PRACH preamble. If the network detects multiple random access attempts from different UEs, the individual response messages of multiple UEs can be combined in a single transmission. The random access response capacity degrades with single receive antenna as shown in the simulation results provided in [4]. See Table 1 below.

Table 1. Estimated maximum number of RAR messages (targeting 1% (10%) BLER at -4 dB SNR)
	Channel
	Number of Rx antennas
	Estimated max number of RAR messages targeting 1% (10%) BLER at -4 dB SNR

	
	
	6 PRBs
	15 PRBs
	25 PRBs
	50 PRBs

	EPA 1 Hz
	1
	0 (0)
	0 (1)
	1 (5)
	3 (10)

	
	2
	0 (1)
	1 (4)
	3 (8)
	12 (>16)

	ETU 1 Hz
	1
	0 (0)
	1 (3)
	4 (8)
	10 (16)

	
	2
	1 (2)
	4 (8)
	10 (>16)
	>16 (>16)


We have the following options to avoid the degradation and enhance the performance:

1. Increase the power of RAR messages to all UEs

· This would increase the interference for RAR messages at the cell border.
2. Increase the power of RAR messages only to UEs with single receive antenna capability

· Interference may be better compared to the first option, but this would require sending an indication through PRACH preamble (soft or hard) partitioning for UEs with single receive antenna capability in order for eNB to become aware that the UE sending the preamble is a UE with a single receive antenna.
3. No power adjustment

· UEs with single receive antenna may experience higher BLER at the cell border. Figures 3 and 4 in [4] indicate that if 1% BLER is targeted on the cell border for dual antenna UEs, the single antenna UEs may experience in the order of 10% BLER on the cell border.
· This may result in additional PRACH preamble and RAR transmission attempts.

In our view a somewhat RAR BLER increase for low complexity UEs at the cell border can be considered acceptable. The alternative to do PRACH sequence partitioning is less attractive to us. Note that a combination of options 1 and 3 can also be considered in order to do a trade-off between the RAR power level and the RAR BLER increase.
2.2 Paging message

The PCH transmission can contain paging messages for up to 16 UE identities. Similar degradation as shown in the simulation results provided in [4] for RAR messages can be observed for the paging messages. We have the following options to enhance the performance:

1. Increase the power of paging messages to all UEs

· This would increase the interference for paging messages at the cell border.
2. Increase the power of paging messages only to UEs with single receive antenna capability

· Interference may be better compared to the first option, but this would require an extension to the existing MME-to-eNB signaling across the S1 interface so that the MME can inform the eNB if the paging request is for a UE with single receive antenna.
3. No power adjustment

· UEs with single receive antenna may experience higher BLER at the cell border. A similar BLER increase for these UEs can be expected for the Paging message as for RAR.

· Failed paging message transmissions may result in repeated paging messaging in a larger area.
In our view it seems undesired to increase the amount of paging message transmissions that are missed and therefore repeated in a larger number of cells. It may be worthwhile to adopt option 2 in Rel-12 or possibly in a later release (option 2 has no UE impact so it is not absolutely necessary to finalize the implementation of option 2 during Rel-12 time frame).
2.3 Unicast transmission

It is beneficial also during unicast transmission for eNB to know that the UE is only compliant with single receive antenna performance requirements. To our understanding the eNB will be able to deduce from the UE category information whether the UE is compliant with single or dual receive antenna performance requirements. The Rel-12 low complexity UE category (but no other Rel-12 UE category) will be associated with RAN4 performance requirements derived under the assumption of a single receive antenna.

2.4 Compatibility mode

Contribution [3] raises the possibility to introduce a compatibility mode where a Rel-12 low complexity UE would try to emulate a Cat-1 UE in order to be able to operate in cells that have not yet implemented support for Rel-12 low complexity UEs. This would have the following implications:
1. The UE cannot be scheduled with more than 1000 bits PUSCH TBS.

· Candidate solution: UE always reports UE buffer status less than 1000 bits in legacy cells.
2. The UE cannot be scheduled with more than 1000 bits PDSCH TBS.

· Candidate solution: UE always reports a low CQI/CSI value in legacy cells. With some luck this results in the UE never being scheduled with more than 1000 bits TBS (this would need to be checked by the network vendors).
Unfortunately, to our understanding there is nothing guaranteeing that an eNB will schedule no more than 1000 bits even if the UE reports a small buffer status or a low CQI/CSI. So we do not see a viable possibility to support low complexity UEs in cells that have not yet implemented support for Rel-12 low complexity UEs. (Furthermore, in a network that has implemented support for low complexity UEs, it might be desired to steer the low complexity UEs to specific cells, something that might be problematic if the low complexity UE is able to operate in any cell.)

3 Conclusions

We propose to send an LS to RAN2/3/4 regarding the following observations:

1. UEs with single receive antenna capability may experience higher BLER at the cell border if RAR message power is not increased. The performance degradation is not insignificant but can be considered acceptable for the targeted delay tolerant MTC users.

2. It would be beneficial to extend the paging message from the MME to the eNB to provide information on whether the paging request is for a low complexity UE.
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