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1. Introduction
In RAN4 #80bis, there was first discussion on RRM core requirement for Cat.1 UE with single receiver chain and various open issues were identified and captured in WF [1]. In this contribution, we will provide further analyses on open issues in RRM core requirements for Cat.1 UE with single receiver chain.
2. Discussion

2.1. Intra-frequency cell re-selection

For intra-frequency cell re-selection for idle mode UE, re-selection is based on RSRP ranking and the requirement is specified as below. 
For an intra-frequency cell that has been already detected, but that has not been reselected to, the filtering shall be such that the UE shall be capable of evaluating that the intra-frequency cell has met reselection criterion defined [1] within Tevaluate,E-UTRAN_intra when Treselection = 0, provided that the cell is at least 3dB better ranked.

3dB re-selection offset was specified fromRel-8 since relative intra-frequency RSRP measurement accuracy is ±3dB at Es/Iot=-6dB in normal condition. For Cat.0 UE with single receiver chain, relative intra-frequency RSRP measurement accuracy was relaxed to ±4dB to account for RSRP measurement on single receiver chain. Therefore, it is necessary to reflect relaxed measurement accuracy in cell reselection offset. 
Proposal 1. Change the intra-frequency cell-reselection offset from 3dB to 4dB for bot Cat.0 and Cat.1 UE with single receiver chain. . 

2.2. Inter-frequency cell reselection
For inter-frequency cell re-selection, Tdetect,EUTRAN_Inter, Tmeasure,EUTRAN_Inter and Tevaluate,E-UTRAN_Inter is same as intra-frequency cell-reselection and requirement is defined for same side condition for intra-frequency and inter-frequency cell re-selection as specified in B.1.2 of 36.133. Since RAN4 decided to reuse Rel-8 requirement for cell detection delay and measurement period for intra-frequency cell reselection for Cat.0 single Rx UE, we can take same approach for inter-frequency cell-reselection. 
Proposal 2. Reuse legacy value of Tdetect,EUTRAN_Inter, Tmeasure,EUTRAN_Inter and Tevaluate,E-UTRAN_Inter for Cat.1 UE with single receiver chain. 
Re-selection criteria are defined as 5dB for reselections based on ranking or 6dB for RSRP reselections based on absolute priorities or 4dB for RSRQ reselections based on absolute priorities. Offset for re-selection based on ranking is determined by relative inter-frequency RSRP measurement accuracy, which is ±4.5dB for 2 Rx UE. Offset for RSRP reselections based on absolute priorities is determined by absolute inter-frequency RSRP measurement accuracy, which is ±4.5dB for 2 Rx UE. It’s like 1.5dB tightening for RSRP measurement accuracy to reflect better RF calibration is not applied here. Offset for RSRQ reselections based on absolute priorities is determined by absolute inter-frequency RSRQ measurement accuracy, which is ±3.5dB for 2 Rx UE. For Cat.0 1 Rx UE, no requirements were specified for inter-frequency measurement accuracy but we can apply similar 1dB relaxation to account for single receiver chain measurement. 
Proposal 3. Specify inter-frequency re-selection offset for Cat.1 UE with single receiver chain as below. 

· Specify offset for re-selection based on ranking as 7dB. In case measurement accuracy is tightened to reflect better RF calibration, it can be revised. 
· Specify offset for RSRP reselections based on absolute priorities as 7dB. In case measurement accuracy is tightened to reflect better RF calibration, it can be revised. 

· Specify offset for RSRP reselections based on absolute priorities as 5dB. 

2.3. Handover requirement
Handover requirement is defined in terms of interruption time Tinterrupt = Tsearch + TIU + 20 ms. Tsearch is the time required to search the target cell when the target cell is not already known when the handover command is received by the UE. If the target cell is known, then Tsearch = 0 ms. TIU is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell. 20ms is added to accommodate UE’s processing delay to change serving cell. If we compare Cat.1 UE with two and single receiver chain, the only factor that can be affected is Tsearch. For cell search delay, RAN4 concluded that Rel-8 requirement of 600ms can be met also by UE with single Rx. RAN4 did not specify separate handover requirement for Cat.0 UE with the understanding that legacy requirements are also applicable to Cat.0 UE with single receiver chain. We believe that this is also true for Cat.1 UE with single receiver chain for both intra-frequency and inter-frequency handover. 
Proposal 4. Legacy handover requirement can be reused for Cat.1 UE with single receiver chain for both intra-frequency and inter-frequency handover.  

2.4. RRC re-establishment requirement
RRC re-establishment requirement specified in terms of TUE_re-establish_delay = 50 ms + Nfreq*Tsearch + TSI + TPRACH

Tsearch = It is 100 ms if the target PCell is known by the UE; the target PCell is known if it has been measured by the UE in the last 5 seconds.


Tsearch = It is 800 ms if the target PCell is unknown by the UE; the target PCell is unknown if it has not been measured by the UE in the last 5 seconds.


TSI = It is the time required for receiving all the relevant system information according to the reception procedure and the RRC procedure delay of system information blocks defined in TS 36.331 [2] for the target PCell.


TPRACH = The additional delay caused by the random access procedure; it will be at least 10 ms due to random access occasion and there might be additional delay due to ramping procedure.


Nfreq: It is the total number of E-UTRA frequencies to be monitored for RRC re-establishment; Nfreq = 1 if the target PCell is known.

As we note already, we can reuse cell search delay for 2 Rx UE for 1 Rx UE. The only factor that can be affected due to single Rx operation is TSI in case UE takes more time to read SIB due to inferior demodulation performance. However, in current specification, TSI is defined in high level language and does not provide any detail on potential SIB scheduling or SIB demodulation performance on UE. If there is need to consider SIB demodulation performance of single receiver chain, it can be addressed when defining test case. 
Proposal 5. Legacy RRC re-establishment requirement can be reused for Cat.1 UE with single receiver chain. Potential concern on SIB demodulation delay can be addressed when defining test case. 

2.5. Random access requirement
Random access requirement mostly specifies procedural aspect of RACH procedure, which is kind of independent number of receiver chain on UE. Transmission power for initial PRACH transmission is determined by RSRP measurement. Due to relaxed accuracy for RSRP measurement, there could be impact on the accuracy of initial PRACH preamble transmission but there is no specific requirement for PRACH transmit power. 
Proposal 6. Legacy random access requirement can be reused for Cat.1 UE with single receiver chain. 

2.6. RRC connection release with redirection requirement
RRC connection release with redirection requirement specifies UE’s processing time for redirection for RAT other than LTE. For example, it is specified for UTRAN FDD target cell as
   Tconnection_release_redirect_UTRA FDD = TRRC_procedure_delay + Tidentify-UTRA FDD + TSI-UTRA FDD + TRA. 

We can see that, except for RRC procedure delay, all delay parameters are determined by UE operation in UTRAN. Therefore, this requirement should be independent of number of Rx antenna in LTE. 
Proposal 7. Legacy RRC connection release with redirection requirement can be reused for Cat.1 UE with single receiver chain.
2.7. Inter-frequency cell identification requirement
In Rel-12 RRM work for MTC UE, several companies ran simulation for cell identification time for 1 Rx UE [2-4] and concluded that, at -6dB CINR, 1 Rx UE can meet legacy cell identification requirement of 600ms that was specified for 2 Rx UE in Rel-8. RAN4 specified cell identification delay requirement for Cat.0 UE at 1000ms to accommodate 400ms measurement period for both FDD and TDD. 
Legacy inter-frequency cell identification requirement is specified as
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where Tinter1=60 when gap period is 40ms and Tinter1=30 when gap period is 80. If we consider simple case of Nfreq,n=1 and Kn=1, TIdentify_Inter spans 96 measurement gaps, i.e., UE has 96 PSS/SSS occasions to try cell search. On the other hand, intra-frequency cell identification time is 600ms, which spans 120 PSS/SSS occasions. Note that UE needs to meet intra-frequency cell identification requirement at SCH Es/Iot=-6dB while inter-frequency cell identification requirement is specified at SCH Es/Iot=-4dB. We can expect that 1 Rx UE can easily meet legacy inter-frequency cell identification requirement as long as same UE can meet more difficult legacy intra-frequency cell identification requirement. 
Proposal 8. Cat.1 UE with single receiver chain can meet legacy inter-frequency cell identification requirement. Therefore, legacy inter-frequency cell identification requirement can be reused for Cat.1 UE with single receiver chain. 
2.8. RSRP/RSRQ measurement requirement
RSRP/RSRQ measurement requirement is specified in terms of L1 measurement period. For Rel-12 Cat.0 UE, RAN4 specified intra-frequency RSRP/RSRQ measurement period at 400ms instead of 200ms to allow low power operation at the expense of relaxed mobility performance. For Cat.1 UE with single receiver chain, we prefer reusing legacy measurement period of 200ms to provide compatible mobility performance. Since this UE is targeted for wearable device, it is more important to maintain similar mobility performance than to optimize power consumption. Following the same rationale, we would like to propose to reuse legacy measurement period for inter-frequency measurement. 
Proposal 9. Reuse legacy measurement requirement for both intra-frequency and inter-frequency measurement. 
2.9. RSTD measurement requirement

For Rel-12 Cat.0 UE, RAN4 specified no separate intra-frequency and inter-frequency RSTD measurement requirements. Considering that many operators indicated strong interest in positioning capability of eMTC and NB-IoT UE, it would be essential to make it sure that Cat.1 UE with single receiver chain can support RSTD measurement. Since Cat.1 UE 2 Rx UE is already required to meet legacy RSTD measurement requirement, Cat.1 UE with single receiver chain will be able to meet same requirement. 
Proposal 10. Legacy RSTD measurement requirements can be reused for Cat.1 UE with single receiver chain. 

2.10. E-CID measurement requirement

ECID measurement requirement consists of UE Rx-Tx time difference measurements and intra-frequency RSRP/RSRQ measurements. In existing E-CID measurement requirement, intra-frequency RSRP/RSRQ measurement for RRM purpose is reused for E-CID purpose. Separate UE Rx-Tx time difference measurements requirements are specified for E-CID with same measurement period as RSRP/RSRQ measurement. . 

For Cat.1 UE with single receiver chain, we already proposed to reuse legacy RSRP/RSRQ measurement accuracy requirement. Therefore, for E-CID purpose, same RSRP/RSRQ measurement accuracy requirement can be applied. Similarly, existing UE Rx-Tx time difference measurements requirements can be applied to Cat.1 UE with single receiver chain. 
2.11. RSRP/RSRQ measurement accuracy requirement
For Rel-12 Cat.0 UE, RAN4 specified a separate intra-frequency RSRP/RSRQ measurement accuracy requirements. Measurement accuracy requirements were slightly relaxed compared to legacy intra-frequency RSRP/RSRQ measurement accuracy requirement to account for measurement with single receiver chain. On the other hand, legacy absolute RSRP measurement accuracy requirement was tightened to account for improved RF calibration but this tightening was not applied to Cat.0 1 Rx UE. We would like to propose 1dB tightening for improved RF calibration for Cat.1 UE with single receiver chain. 
Proposal 11. Specify measurement accuracy requirement for Cat.1 UE with single receiver chain as below. 
· Absolute intra-frequency RSRP measurement accuracy : ±6 dB
· Relative intra-frequency RSRP measurement accuracy : ±4 dB

· Absolute intra-frequency RSRQ measurement accuracy : ±4.5 dB

· Absolute inter-frequency RSRP measurement accuracy : ±6 dB

· Relative inter-frequency RSRP measurement accuracy : ±6 dB

· Absolute inter-frequency RSRQ measurement accuracy : ±4.5 dB

2.12. RSTD measurement accuracy requirement
RSTD measurement is based on PRS processing and RAN4 did not have any previous study on RSTD measurement accuracy performance for single Rx UE. RAN4 should run simulation to quantify RSTD measurement performance of single Rx UE. 
Proposal 12. RAN4 should run simulation to evaluate RSTD measurement accuracy of single Rx UE.   

2.13. UE Rx-Tx time difference measurement accuracy

UE Rx-Tx time difference measurement accuracy is determined by DL timing measurement accuracy, which is also related to UE transmit timing accuracy requirement. For UE transmit timing accuracy requirement, RAN4 already agreed to reuse legacy requirement, i.e., 24 Ts for 1.4MHz system bandwidth and 12 Ts for 3MHz system bandwidth or above. 
For legacy UE, UE Rx-Tx time difference measurement accuracy specified in 9.19 where accuracy is specified as in table. 1. For 1.4MHz and 3MHz, accuracy requirement is similar to transmit timing requirement. Therefore, we can assume Cat.1 UE with single receiver antenna can meet the requirement if it can achieve transmit timing accuracy. For 5MHz system bandwidth and above, higher accuracy is required than transmit timing accuracy. However, large processing gain of CRS would allow reliable measurement for these cases. For example, for 5MHz system bandwidth, 25x4=100 CRS tones are available, which can provide around 20dB processing gain. At -3dB, UE will be able to observe clear CIR (channel impulse response) taps to detect first arriving path (FAP) even with 1 Rx processing. 
Proposal 13. Reuse existing UE Rx-Tx time difference measurement accuracy requirement for Cat.1 UE with single receiver chain. 

Table 1. UE Rx-Tx time difference measurement accuracy requirement

	System BW (MHz)
	1.4
	3
	5
	≥10

	Accuracy (Ts)
	±20
	±14
	±10
	±7


3. Conclusions

In this contribution, we provided further analyses on open issues in RRM core requirements for Cat.1 UE with single receiver chain. Our observations and proposals are
Proposal 1. Change the intra-frequency cell-reselection offset from 3dB to 4dB for bot Cat.0 and Cat.1 UE with single receiver chain. 

Proposal 2. Reuse legacy value of Tdetect,EUTRAN_Inter, Tmeasure,EUTRAN_Inter and Tevaluate,E-UTRAN_Inter for Cat.1 UE with single receiver chain. 

Proposal 3. Specify inter-frequency re-selection offset for Cat.1 UE with single receiver chain as below. 

· Specify offset for re-selection based on ranking as 7dB. In case measurement accuracy is tightened to reflect better RF calibration, it can be revised. 

· Specify offset for RSRP reselections based on absolute priorities as 7dB. In case measurement accuracy is tightened to reflect better RF calibration, it can be revised. 

· Specify offset for RSRP reselections based on absolute priorities as 5dB. 

Proposal 4. Legacy handover requirement can be reused for Cat.1 UE with single receiver chain for both intra-frequency and inter-frequency handover.  

Proposal 5. Legacy RRC re-establishment requirement can be reused for Cat.1 UE with single receiver chain. Potential concern on SIB demodulation delay can be addressed when defining test case. 

Proposal 6. Legacy random access requirement can be reused for Cat.1 UE with single receiver chain. 

Proposal 7. Legacy RRC connection release with redirection requirement can be reused for Cat.1 UE with single receiver chain.
Proposal 8. Cat.1 UE with single receiver chain can meet legacy inter-frequency cell identification requirement. Therefore, legacy inter-frequency cell identification requirement can be reused for Cat.1 UE with single receiver chain. 

Proposal 9. Reuse legacy measurement requirement for both intra-frequency and inter-frequency measurement. 

Proposal 10. Legacy RSTD measurement requirements can be reused for Cat.1 UE with single receiver chain. 

Proposal 11. Specify measurement accuracy requirement for Cat.1 UE with single receiver chain as below. 

· Absolute intra-frequency RSRP measurement accuracy : ±6 dB

· Relative intra-frequency RSRP measurement accuracy : ±4 dB

· Absolute intra-frequency RSRQ measurement accuracy : ±4.5 dB

· Absolute inter-frequency RSRP measurement accuracy : ±6 dB

· Relative inter-frequency RSRP measurement accuracy : ±6 dB

· Absolute inter-frequency RSRQ measurement accuracy : ±4.5 dB

Proposal 12. RAN4 should run simulation to evaluate RSTD measurement accuracy of single Rx UE.   

Proposal 13. Reuse existing UE Rx-Tx time difference measurement accuracy requirement for Cat.1 UE with single receiver chain. 
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