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Introduction
At RAN4 #94-e, the discussion on RRM measurement aspects for multicarrier operation, as listed in the WI on Additional enhancements for NB-IoT [1] was continued. In the WF [2], the following agreements and open issues are reflected. 
	Multi carrier operation non-anchor RRM
· Whether combining NRSRP samples between anchor carrier and non-anchor carriers are allowed, following two options are under consideration:
· Option 1: NRSRP measurements on non-anchor carrier can be filtered or combined with NRSRP measurement on anchor carrier after translating the non-anchor carrier measurement with parameter nrs-PowerOffsetNonAnchor without any conditions or prerequisites.
· Option 2: NRSRP measurements on non-anchor carrier can be filtered or combined with NRSRP measurement on anchor carrier after translating the non-anchor carrier measurement with parameter nrs-PowerOffsetNonAnchor with the condition is fulfilled, where the condition is FFS.


[bookmark: _Hlk32409651]This contribution investigates the above depicted open issue. 
Discussion
[bookmark: _Hlk32409685]The discussion in this section refers to the open issue in the WF on conditions for combining measurements done on anchor carrier and non-anchor carrier.
[bookmark: _Hlk32257112]Combining anchor and non-anchor NRSRP samples
The previously approved WF at RAN4 #93 [3] allows to combine measurements done on anchor carrier and non-anchor carrier by applying the power offset signalled to the UE. The power offset reflects the difference in transmit power on anchor and non-anchor carrier and hence this difference in transmit power is compensated. The combining of measurements on anchor and non-anchor carrier was discussed at RAN4 #93 based on the scenario [4], that a UE may identify the need to perform re-synchronization on the anchor carrier or fallback due to other purposes while still performing serving cell evaluation across DRX cycles on the non-anchor carrier.
Aside the difference in transmit power on both carriers, a difference in the NRSRP samples for both carriers may originate from different path loss conditions for anchor carrier and non-anchor carrier. The path loss may be different 
· due to frequency selective fading of the radio channel, in case the channel bandwidth is smaller than the coherence bandwidth of the radio channel and 
· due to high intra- and intercell interference for one of the carriers, which will degrade NRSRP estimation (e.g. in the scenario of large channel separation in frequency).
Furthermore, the UE may be in noise limited condition at the cell boundary or even in extreme coverage. Then NRSRP samples taken for both carriers could differ significantly. 
If we assume that NRSRP evaluation serves for triggering neighbour cell measurements for cell reselection and for start / abortion of the relaxed monitoring mode, then the combination of NRSRP samples from both carriers should improve measurement accuracy and thus be allowed only conditionally. 
Two cases are distinguished.
1) Normal coverage 
Assuming normal coverage of the UE, the combination of NRSRP samples from anchor and non-anchor carrier should thus not be allowed, if a significant path loss difference is detected by the UE. To this purpose the UE should compare measurements on anchor and non-anchor carrier, adding to the latter the signalled power offset of the anchor carrier (in logarithmic scale) for a sufficient long measurement period comparable to that for serving cell evaluation. Either concurrent measurements in the same subframes are done or subframe interlaced measurements between anchor and non-anchor carrier. 
If the inequation 
| NRSRP (anchor) – (NRSRP (non-anchor) + Power_offset_anchor) | < M          (1)
is not satisfied, then the UE should refrain from performing a combination of NRSRP samples from anchor and non-anchor carriers. It is noted that this condition for combining NRSRP samples from anchor and non-anchor carriers has also been discussed in [5] and [6]. 
The above margin M for combining NRSRP samples in multicarrier operation could have a fixed predefined value such as 3 or 6 dB, taking into account achievable measurement accuracy in the measurement period, alternatively it is signalled by the network to allow network control related to measurement accuracy. For example, the network may temporarily disallow combination of NRSRP samples from anchor and non-anchor carrier by signalling 0 dB. Thus, the signalling option is preferred.
Otherwise if above inequation (1) is satisfied, then combination of NRSRP samples is possible and is based on signalled power offset for anchor carrier. 
It was argued during RAN4 #94-e [7], that a large variation of NRSRP can also occur on anchor carrier only measurements at subsequent DRX cycles. While this is true, the anchor carrier may experience different interference conditions than the non-anchor carrier (e.g. experiencing worse conditions). Thus, combining NRSRP from both carriers in this case will degrade NRSRP estimation for a considerable period of time. This issue was previously discussed in context of NRSRQ translation from non-anchor to anchor carrier. In our view the comparison between anchor and non-anchor carrier measurement, in order to remove fast fading component, will require more than 2 measurement samples, as used for serving cell evaluation in TS 36.133, subclause 4.6.2.1, referred to in [7] which is done at least every DRX cycle. However, the frequency of this comparison between NRSRP measurement samples from both carriers could be significantly lower than that for serving cell evaluation, in case of shorter DRX cycles.
2) Enhanced coverage
In enhanced coverage (large CE), the receiver is considerably impacted by noise, and hence high variation of NRSRP measurements taken on either carrier is expected. In this case a combination of NRSRP samples from both carriers, applying the signalled power offset, may be beneficial to improve the measurement accuracy. Thus, the target coverage range as part of the enhanced coverage range in terms of SINR < -6 dB should be identified. The UE then determines that it is in enhanced coverage and is allowed to combine NRSRP samples from both carriers without condition. 
Proposals 
From above discussion, it is proposed to select option 2 in the WF for UE in normal coverage and option 1 in the WF for UE in enhanced coverage and to modify them accordingly.
The following proposals are made:
Option 1 applies for UE in enhanced coverage: NRSRP measurements on non-anchor carrier can be filtered or combined with NRSRP measurement on anchor carrier after translating the non-anchor carrier measurement with parameter nrs-PowerOffsetNonAnchor without any conditions or prerequisites, provided that the UE is in enhanced coverage (SINR < -6 dB).
Option 2 applies for UE in normal coverage: NRSRP measurements on non-anchor carrier can be filtered or combined with NRSRP measurement on anchor carrier after translating the non-anchor carrier measurement with parameter nrs-PowerOffsetNonAnchor, provided that
· the UE is in normal coverage (SINR ≥ -6 dB) and 
· the comparison of NRSRP samples between anchor and non-anchor carrier, taken during the same measurement period and accounting for the signal power offset, yields a difference within a margin M (FFS if a fixed predefined value or a value signaled by the network should be applied).
Conclusion
This contribution has discussed the open issue in the WF on conditions for combining measurements done on anchor carrier and non-anchor carrier.in regard to NB-IoT multicarrier operation as included in [1].
Following proposals for agreement are made:
1. Option 1 of the WF applies for UE in enhanced coverage: NRSRP measurements on non-anchor carrier can be filtered or combined with NRSRP measurement on anchor carrier after translating the non-anchor carrier measurement with parameter nrs-PowerOffsetNonAnchor without any conditions or prerequisites, provided that the UE is in enhanced coverage (SINR < -6 dB).
[bookmark: _GoBack]Option 2 of the WF applies for UE in normal coverage: NRSRP measurements on non-anchor carrier can be filtered or combined with NRSRP measurement on anchor carrier after translating the non-anchor carrier measurement with parameter nrs-PowerOffsetNonAnchor, provided that
· the UE is in normal coverage (SINR ≥ -6 dB) and 
· the comparison of NRSRP samples between anchor and non-anchor carrier, taken during the same measurement period and accounting for the signal power offset, yields a difference within a margin M (FFS if a fixed predefined value or a value signaled by the network should be applied).
References
[1] RP-200293, "WID revision: Additional enhancements for NB-IoT", source: Futurewei
[2] R4-2002337, "Way forward on RRM requirements of R16 enhancement for NB-IoT", source: Huawei, HiSilicon
[3] R4-1915890, "Way forward on RRM requirements of R16 enhancement for NB-IoT", source: Huawei, HiSilicon
[4] R4-1915195, "Remaining issues on RRM measurements in non-anchor carrier for NB-IoT", source: Qualcomm Incorporated
[5] R4-1914731, "Remaining discussions on non-anchor carrier RRM measurements", source: Ericsson
[6] R4-2001752, "Remaining discussions on non-anchor carrier RRM measurements", source: Ericsson
[7] R4-2002296, "Email discussion summary for RAN4#94e_#71_NB_IOTenh3_RRM", source: Moderator (Huawei)
2


1


 


 


3GPP TSG


-


RAN WG4 Meeting #


94


bis


-


e


 


 


R4


-


200


4075


 


Electronic Meeting, 2


0


 


–


 


30


 


April


, 2020


 


 


Source:


 


Nokia, 


Nokia


 


Shanghai Bell


 


 


Title:


 


On NRSRP processing


 


in multicarrier operation


 


Agenda item:


 


5


.


1


1


.


3.3


 


Document for:


 


Discussion


 


and Agreement


 


1


 


Intro


ductio


n


 


At RAN4 #9


4


-


e


, 


the discussion on 


RRM measurement aspects for multicarrier operation, 


as listed in 


the WI on 


Additional


 


enhancements for 


NB


-


IoT 


[1] w


as continu


ed. In the WF [2]


,


 


the


 


following agreement


s


 


and open issues 


are


 


reflected. 


 


Multi carrier operation non


-


anchor RRM


 


·


 


Whether combining NRSRP samples between anchor carrier and non


-


anchor carriers are allowed, following 


two options are under consideration:


 


–


 


Option 1: 


NRSRP measurements on non


-


anchor car


rier can be filtered or combined with NRSRP 


measurement on anchor carrier after translating the non


-


anchor carrier measurement with parameter nrs


-


PowerOffsetNonAnchor without any conditions or prerequisites.


 


–


 


Option 2: NRSRP measurements on non


-


anchor carri


er can be filtered or combined with NRSRP 


measurement on anchor carrier after translating the non


-


anchor carrier measurement with parameter nrs


-


PowerOffsetNonAnchor with the condition is fulfilled, where the condition is FFS.


 


This contribution 


investigates 


the 


above depicted 


open issu


e


. 


 


2


 


Discussion


 


The discussion in this sec


tion


 


re


fers


 


to the 


open issue


 


in the WF


 


on conditions for combining measurements done on 


anchor 


carrier 


and non


-


anchor carrier


.


 


2.1


 


Com


bin


ing


 


anchor and non


-


anchor NRSRP samples


 


The 


previously approved 


WF


 


at RAN4 #93 [3] 


allows to combine measurements done on anchor 


carrier 


and non


-


anchor 


carrier by applying the power offset signalled to the UE. 


The power offset reflects the difference in trans


mit power on 


anchor and non


-


anchor carrier and hence this difference in transmit power is compensated. 


The combin


ing 


of 


measurements on anchor and non


-


anchor carrier was discussed 


at RAN4 #93 


based on the scenario


 


[


4


]


, that a UE may 


identify the need 


to pe


rform


 


re


-


synchronization on the anchor carrier


 


or fallback due to other purposes while still 


performing serving cell evaluation across DRX cycles on the non


-


anchor carrier.


 


Aside the difference in transmit power on both carriers, a 


difference 


in


 


the 


NRSRP 


samples for both carriers 


may 


originate from different path loss conditions for anchor 


carrier 


and non


-


anchor carrier. 


The path loss may be different 


 


-


 


due to frequency selec


tive fading of the radio channel, in case the channel bandwidth is smaller than the 


coherence bandwidth of the radio channel


 


and 


 


-


 


due to high intra


-


 


and intercell interference for one of the carriers, which will degrade NRSRP estimation (e.g. 


in the scenar


io of large channel separation


 


in frequency


).


 


Furthermore, the UE may be in noise limited condition at the cell boundary or 


even 


in extreme coverage. Then NRSRP 


samples taken for both carriers could differ significantly. 


 




1     3GPP TSG - RAN WG4 Meeting # 94 bis - e     R4 - 200 4075   Electronic Meeting, 2 0   –   30   April , 2020     Source:   Nokia,  Nokia   Shanghai Bell     Title:   On NRSRP processing   in multicarrier operation   Agenda item:   5 . 1 1 . 3.3   Document for:   Discussion   and Agreement   1   Intro ductio n   At RAN4 #9 4 - e ,  the discussion on  RRM measurement aspects for multicarrier operation,  as listed in  the WI on  Additional   enhancements for  NB - IoT  [1] w as continu ed. In the WF [2] ,   the   following agreement s   and open issues  are   reflected.   

Multi carrier operation non - anchor RRM      Whether combining NRSRP samples between anchor carrier and non - anchor carriers are allowed, following  two options are under consideration:   –   Option 1:  NRSRP measurements on non - anchor car rier can be filtered or combined with NRSRP  measurement on anchor carrier after translating the non - anchor carrier measurement with parameter nrs - PowerOffsetNonAnchor without any conditions or prerequisites.   –   Option 2: NRSRP measurements on non - anchor carri er can be filtered or combined with NRSRP  measurement on anchor carrier after translating the non - anchor carrier measurement with parameter nrs - PowerOffsetNonAnchor with the condition is fulfilled, where the condition is FFS.  

This contribution  investigates  the  above depicted  open issu e .    2   Discussion   The discussion in this sec tion   re fers   to the  open issue   in the WF   on conditions for combining measurements done on  anchor  carrier  and non - anchor carrier .   2.1   Com bin ing   anchor and non - anchor NRSRP samples   The  previously approved  WF   at RAN4 #93 [3]  allows to combine measurements done on anchor  carrier  and non - anchor  carrier by applying the power offset signalled to the UE.  The power offset reflects the difference in trans mit power on  anchor and non - anchor carrier and hence this difference in transmit power is compensated.  The combin ing  of  measurements on anchor and non - anchor carrier was discussed  at RAN4 #93  based on the scenario   [ 4 ] , that a UE may  identify the need  to pe rform   re - synchronization on the anchor carrier   or fallback due to other purposes while still  performing serving cell evaluation across DRX cycles on the non - anchor carrier.   Aside the difference in transmit power on both carriers, a  difference  in   the  NRSRP  samples for both carriers  may  originate from different path loss conditions for anchor  carrier  and non - anchor carrier.  The path loss may be different    -   due to frequency selec tive fading of the radio channel, in case the channel bandwidth is smaller than the  coherence bandwidth of the radio channel   and    -   due to high intra -   and intercell interference for one of the carriers, which will degrade NRSRP estimation (e.g.  in the scenar io of large channel separation   in frequency ).   Furthermore, the UE may be in noise limited condition at the cell boundary or  even  in extreme coverage. Then NRSRP  samples taken for both carriers could differ significantly.   

