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1 Introduction

The objective of the Rel-12 work item on “Low cost & enhanced coverage MTC UE for LTE” [1] is to specify a new low complexity UE type with the following complexity reduction techniques:

· Single receive antenna
· Downlink and uplink maximum TBS of 1000 bits

· Half duplex operation (optional)
In RAN2#85bis, RAN WG2 took the working assumption that the UE does not indicate its low complexity capability in Msg1, Msg3 or Msg5, and sent an liaison statement [2] to RAN WG1 asking whether the eNB needs to know the single receive antenna restriction before Msg5 (RRCConnectionSetupComplete), i.e. for scheduling Msg2 or paging. RAN1 studied the impact on the reception performance for random access response (RAR) and paging (PCH) messages due to single receive antenna and sent a reply liaison statement to RAN WG2, RAN WG3, and SA WG2 with some observations [3]. In this contribution we discuss the impact of the single receive antenna capability on paging and random access mechanisms for low complexity UEs and whether the eNB needs to know about this capability before transmitting the Random Access Response (RAR) or paging messages.
2 Discussion

2.1 Single Receive Antenna UEs
The low complexity UE type does not require the implementation of a dual antenna receiver. With a single receive antenna, the UE will not be able to support multi-layer transmission, but the specifications already cover a UE category that only supports single-layer transmission, i.e. category 1. A single receive antenna UE should in principle be able to support the same transmission modes etc. as category 1 UE, however, a single antenna receiver will typically perform worse than a dual antenna receiver.
2.2 Random Access Response (RAR) Transmission

The eNB transmits the random access response message on the DL-SCH in response to the detected random access attempt. The message contains the index of the random access preamble sequences the network detected for which the response is valid, the timing correction calculated by the random access preamble receiver, a scheduling grant, and a temporary identity, TC-RNTI, used for further communication between the UE and the network.
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 response message is scheduled on the DL-SCH and indicated on the PDCCH using an identity reserved for random access response, RA-RNTI. 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:
· Increase the power of RAR messages to all UEs.
· This would increase the interference for RAR messages at the cell border.
· 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 in Msg1 (Preamble), i.e. PRACH preamble (soft or hard) partitioning for UEs with single receive antenna capability, for the eNB to know that the UE sending the preamble is a UE with a single receive antenna.
· No power adjustment.
· UEs with single receive antenna may experience higher BLER at the cell border. Figures 3 and 4 in [2] indicate that if 1% BLER is aimed at the cell border for dual receive antenna UEs, the single receive antenna UEs may experience in the order of 10% BLER at the cell border.  

· This may result in additional PRACH preamble and RAR transmission attempts.
Some RAR BLER increase for low complexity UEs at the cell border can be considered as acceptable as RAN WG1 stated in [3]. If low complexity and “normal” UEs use different RACH resources, the eNB would know whether the RAR message is intended for a low complexity or a “normal” UE. The eNB could then adjust the RAR transmission power levels and/or amount of user multiplexing appropriately to achieve the target cell edge BLER for all UEs. RACH preamble partitioning, is not worth the effort considering simulations have shown that there is not much to be gained in RAR for overhead reduction [6] and there may be a need to introduce RACH sequence partitioning in Rel-13 for lower complexity UEs and/or coverage enhancements or in later releases. Note that a combination of options 1 and 3 can also be considered as a trade-off between the RAR power level and the RAR BLER increase.  
Observation 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 it can be considered as acceptable for low complexity UEs. 
2.3 Paging

Paging is a mechanism for the network to initiate setting up a connection with a UE when it is in RRC_IDLE state. The UE monitors the L1/L2 control signalling to receive the downlink scheduling assignments related to paging. Paging of a mobile device in EPS is initiated from the core network, typically triggered by arrival of downlink user data. The MME checks which eNBs, that have cells belonging to any of the TAs, whose TAIs (Tracking Area Identity) are included in the UE’s current TAI list and sends a paging message across the S1 interface to each of these eNBs, requesting the eNB to page the UE in all cells belonging to any of the concerned TAs, i.e. all cells having a TAI that is included in the UE’s list of TAIs. Upon receiving the paging message from the MME, the eNB calculates the applicable paging occasions, waits the next paging occasion and sends a Paging RRC message, indicated by a downlink resource assignment addressed to P-RNTI on the PDCCH, to the UE in the subframe corresponding to the paging occasion. The eNB does this for each of its cells that take part in the paging procedure.
The paging message can contain maximum 16 UE identities due to the constraint value “maxPageRec” [5]. Paging message includes a PagingRecordList which is composed of ue-Identity, and cn-Domain. cn-Domain is 1 bit, whereas ue-Identity contains either S-TMSI, which is 40 bits [32 bits (m-TMSI) + 8 bits (MMEC)], or IMSI, which is a sequence of IMSI-Digit of size that can range from 6 to 21. IMSI-Digit is an integer from 0 to 9, so it is 4 bits. Therefore the size of IMSI can range from 24 bits to 84 bits.
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:

· Increase the power of paging messages to all UEs.
· This would increase the interference for paging messages at the cell border.
· 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.
· 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.
If the eNB would know whether the paging message is intended for a low complexity or a “normal” UE, it could then adjust the transmission power levels and/or amount of user multiplexing per transmission for paging messages intended for single receive antenna UEs appropriately to achieve the target cell edge BLER for all UEs. An increase in the amount of paging message transmissions due to missed signals is not desired and may lead to repetitions in a larger number of cells. It would be beneficial if the MME informs the eNB that the paging request is for a low complexity UE as RAN WG1 concluded in [3].
Proposal 1 RAN2 to agree that 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.

SA WG2 discussed possible solutions to realize such functionality using either NAS-level changes or mainly S1Ap changes [9]. We think that the most logical approach would be to provide the MME with the respective information within the existing S1AP UE Capability Info Indication procedure. The procedure currently contains, as a mandatory parameter, the UE Radio Capability IE, which contains the RRC message UERadioAccessCapabilityInformation. This information is stored within the UE context in the MME, however it is not interpreted by the MME, but signalled back to the eNB at S1 context setup. With this approach, one can avoid the provision of capability information via RRC signalling, which might be costly, as the capability information may contain large amount of data.

The UE capability information that would be needed at the eNB to apply a low-complexity UE specific paging scheme can be contained in the UERadioAccessCapabilityInformation IE. One possibility would be to include the S1AP UE Radio Capability IE in the PAGING message, where the eNB would have to parse through the RRC message and check whether paging related information is contained. This is however inefficient, as the eNB would need to process this IE for each UE. Another possibility is to retrieve the paging related capability information from the UERadioAccessCapabilityInformation IE and define a new RRC container, which can be provided to the MME in S1AP UE CAPABILITY INFO INDICATION. This new paging related capability information can be provided by the eNB, if available, together with the UE Radio Capability IE. It would be eNB’s task to construct this new IE from the information received from the UE in the UERadioAccessCapabilityInformation IE. We propose the following:
Proposal 2 Introduce a new RRC message that contains information for eNB to be able to apply specific paging schemes for low complexity UEs.
Proposal 3 Inform SA2, RAN3, and RAN1 about the discussion above.

3 Conclusion

In this contribution we discuss the impact of the single receive antenna capability on paging and random access mechanisms for low complexity UEs and whether the eNB needs to know about this capability before transmitting the Random Access Response (RAR) or paging messages. In section 2 we made the following observations:
Observation 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 it can be considered as acceptable for low complexity UEs.


Based on the discussion in section 2 we propose the following:
Proposal 1
RAN2 to agree that 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.
Proposal 2
Introduce a new RRC message that contains information for eNB to be able to apply specific paging schemes for low complexity UEs.
Proposal 3
Inform SA2, RAN3, and RAN1 about the discussion above.
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