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Discussion
1 Introduction
This document attempts to progress the issues for UE RRM requirements for the “low complexity” UE for MTC. 

NOTE·: This paper does not yet take into account the possible impacts due to support of “enhanced coverage” for MTC. However, because the “low complexity” UE will need to operate without “enhanced coverage” features (e.g. if network does not support or operate it, or if the UE does not support it), then RAN4 should consider the requirements impact of the “low complexity” UE for MTC in isolation of the possible impacts of “enhanced coverage” support.
2 Impact on core RRM requirements of “low complexity” UE for MTC
2.1 Limitation on CRS reception?
It is not fully clear in RAN1 whether the CRS shall be considered to be limited to 1.4MHz reception for the low complexity UE in the same way as PDSCH reception, and thus if RAN1 were to agree to limit also the CRS reception bandwidth AND if distributed PDSCH allocation in the frequency domain were used, then this may restrict the occasions in the time domain in which the UE is able to decode the CRS from the middle 1.4MHz) in order to perform the RSRP measurement in ACTIVE state. 

However, the PDCCH is always allocated across the whole channel bandwidth, this puts a requirement on the UE to decode some of the CRS in ALL RBs when the UE is in ACTIVE state, and CRS decoding will be required for channel estimation to decode the PDCCH. Also, it does seem unlikely that there would be “cost” savings from not decoding the CRS whenever it is transmitted. However, RAN1 need to confirm this.

The rest of this contribution assumes that the middle 6 RBs are able to be read for measurement purposes with no restrictions as with a normal UE (at least when MBSFN is not configured).
2.2 Single Rx UE impacts

2.2.1 RSRP measurement accuracy
RSRP measurement accuracy is defined in terms of absolute accuracy and relative accuracy. 
The RSRP measurement assumes a 200ms measurement period, and from simulations performed in Release 8, measurement samples were taken every 50ms for final layer 1 filtering. 

The RSRP absolute accuracy takes into account RF impairments (for example UE AGC imperfections), and looking at many of the simulation results submitted for Release 8, which seem to have a maximum range of 4dB, it seems that a large RF impairment was assumed to specify a measurement accuracy of +/-6dB.

For relative measurement accuracy (intra-frequency), these RF impairments are largely cancelled out, which seems to be why a +/-2dB measurement accuracy has been agreed. 

The propagation condition in which RSRP measurement accuracy is tested is AWGN. 

Impact of single Rx on RSRP measurement accuracy: 
· Relative measurement accuracy: Given that AWGN is used, and the fact that after averaging for 200ms, it would seem that the comparing 2 Rx with 1 Rx, there would not actually be any accuracy benefit in AWGN condition in using 2Rx over 1Rx, and therefore it would seem that the relative accuracy requirement would not be any worse if 1 Rx were used.
· Absolute measurement accuracy: Beside the rationale for relative accuracy above, the RF impairments are the largest component of inaccuracy for absolute accuracy. Therefore, it would seem that there would be no noticeable additional inaccuracies caused due to UE reception with single Rx.

Proposal: No relaxations are required for RSRP measurement accuracy requirements to support single Rx UE. 

2.2.2 Cell re-selection requirements
Intra-frequency, inter-frequency, and inter-RAT cell re-selection requirements are tested in AWGN conditions, and therefore cell detection should not be affected by use of 1 Rx over 2 Rx. It seems that the use of 1 Rx instead of 2 Rx in this test condition would only impact the side conditions for RSRP and SCH reception.  
Proposal: No change to core cell re-selection requirements required, except side conditions. 
2.2.3 E-UTRAN RRC connected state mobility
Handover mobility requirements are only tested in AWGN conditions. Therefore it does not seem that 1 Rx instead of 2 Rx will make a difference to meet RRM core requirements. However, the side conditions for RSRP and SCH reception would need to be modified.
However, there are further discussions in other groups as to what sort of handover would be required for MTC support, and whether handover support is needed at all. 
Proposal: No changes to handover core requirements are “required” to support single Rx, except side conditions. However, the benefits of relaxing handover requirements for “low complexity” MTC devices and possibly other MTC devices may be discussed further, but this would seem to lead to more RAN4 work.

2.2.4 RRC connection mobility control
It would seem that no changes to core requirements are needed, as the requirement is exactly the same as for UMTS where single Rx has been used.
Proposal: No change to core requirements required to support section 6 requirements.

2.2.5 UE measurement procedures
Cell detection performance:

Vodafone understands that it may currently be difficult for the UE to combine PSS signals when performing cell detection, because there is no way for the UE to know in advance that the PSS detected by each Rx antenna are from the same cell or a different cell, so performing combining may actually make cell detection performance worse. 

Proposal: Therefore Vodafone expects no degradation to the minimum cell detection performance (i.e. no change to core requirements).

RSRP measurement performance of detected cells:

It seems that no change in core requirements are needed here, and the parameters and values are exactly the same as for UMTS. 
However, the test cases use a mixture of ETU70 and AWGN propagation conditions. Where ETU70 is used, RAN4 may need to study whether the usage of 1Rx over 2Rx will make a difference to the testing. 

Vodafone believes it may make little difference due to the measurement period of 200ms being much longer than the coherence time for the ETU70 channel, and therefore suspect that 2 Rx reception will bring negligible gain in cancelling out fading compared to 1 Rx reception. But other companies should verify this.

Proposal: No changes required to core requirements for UE measurement procedures to support single Rx, except for side conditions. 
The impacts on the ETU70 channel due perform measurements due to usage of 1 Rx instead of 2 Rx may be analyzed further.
2.3 Half duplex support
E-UTRA FDD and E-UTRA TDD seem to have the same core requirements for mobility. Therefore, Vodafone believes that there is no additional impact to RRM core requirements due to usage of Half Duplex FDD.
Proposal: No RRM core requirements impact to support HD-FDD.
3 Proposal
It is proposed that the “proposals” here are agreed and incorporated into the RAN4 TR.
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