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Introduction
In RAN4#86bis, cell identification and measurement delay requirements for the inter-frequency and intra-frequency with gap are still TBD on for EN-DC UE.
In this contribution we continue discussing the related core requirements for both per-UE and independent gap cases.
Inter-frequency cell identification requirements without DRX
Based on the previous discussion, inter-frequency measurement will always use measurement gap, and the corresponding core requirement shall also consider the gap periodicity. Regarding the UE capability of per-UE and independent gap, there might be different cases for defining the inter-frequency requirements.
Some considerations on per-UE gap based requirements
In the current LTE specification, the inter-frequency measurement/identification requirement without DRX for legacy UE is defined as:
	8.1.2.3.1.1	E-UTRAN FDD – FDD inter frequency measurements when no DRX is used
When measurement gaps other than nonUniform1 – nonUniform4 are scheduled, or the UE supports capability of conducting such measurements without gaps, the UE shall be able to identify a new FDD inter-frequency within TIdentify_Inter according to the following expression:

(normal performance) and

(reduced performance)
Where:
TBasic_Identify_Inter = 480 ms. It is the time period used in the inter frequency equation where the maximum allowed time for the UE to identify a new FDD inter-frequency cell is defined.
Nfreq,n Nfreq,r Kn and Kr are defined in clause 8.1.2.1.1 and Tinter1 is defined in clause 8.1.2.1



In previous RAN4 meetings, there have been quite a few proposals on how to define the gap based requirements. However, no conclusion can be reached. Before digging into the details, some design principles are firstly discussed.
1. UE implementation flexibility should be maintained. More specifically, the agreement requirements should not implicate the order of measurements. Depending on the order of measurements, the maximum delay for a specific frequency layer can be different.


                                                                                  Figure 1: An example of inter-frequency measurement
In Figure 1, let’s take frequency layer 3 as an example. 
· When measurement order is frequency layer 1, 2 and 3, the maximum measurement delay for layer 3 is SMTC1*N+SMTC3*N, where N is the number of measurement samples per frequency layer, SMTC1 and SMTC3 denote the SMTC periodicity of layer 1 and 3.
· When measurement order is frequency layer 2,1 and 3,  the maximum measurement delay for layer 3 is SMTC2*N+SMTC3*N, where SMTC2 is SMTC periodicity of layer 2. 
In this example, if the measurement delay requirement is defined as SMTC1*N+SMTC3*N, the measurement order of layer 2,1and 3 will be precluded. 
Proposal 1: The eventual agreed measurement delay requirement should not preclude any measurement order.
2. The second principle is the measurement gap should be utilized efficiently. Different frequency layers can be associated with different SMTC period and offset. Depending on configured MGRP, the measurement delay should be derived to maximize the gap utilization. 
In  the same example in Figure 1, when measurement order is layer 2,1,3, the measurement delay for layer 1 can be
·  SMTC2*N if unused gaps during layer2 measurements are used for layer 1, or.
·  SMTC2*N+SMTC1*N if unused gaps during layer 2 measurements keep unused. 
Proposal 2: The eventual agreed measurement delay requirement should be based on the assumption that measurement gap occasions are efficiently used. 
[bookmark: _GoBack]On per-UE gap based requirements
For a specific frequency layer, i.e. the i-th layer, to be monitored, other frequency layers sharing the same measurement gaps can be classified into three categories
1. Fully overlapped layers, of which SMTC periods are no larger than Layer i’s. 
2. Partially overlapped layers, of which SMTC periods are larger than Layer i’s
3. No overlapped layers
The measurement delay requirement of the target layer can be defined as

where 
Tfull_overlap and Tpartial_overlap denotes the delay due to fully overlapped layers and partially overlapped layers. Obviously, the non-overlapped layers have no measurement delay impact. 
M Identification_Inter-freq is the number of SMTC occasions which are used to identify a cell on layer i.

 =(1/X)*100 where X is a signalled RRC parameter for gap sharing scheme, and the corresponding gap sharing table is FFS. 
· Fully overlapped layers
Fully overlapped layers mean there is no unused gap which can be utilized by the target layer 

where
N full, FR1 is the number of fully overlapped inter-frequency NR FR1 carriers being monitored.
N full, FR2 is the number of fully overlapped inter-frequency NR FR2 carriers being monitored.
M Identification_Inter-freq, FR1 is the number of SSB which is used to identify a cell on a FR1 inter-frequency carrier, which is FFS 
M Identification_Inter-freq, FR2 is the number of SSB which is used to identify a cell on a FR2 inter-frequency carrier, which is FFS
· Partially overlapped layers
Partially overlapped layers mean there are unused gaps which can be utilized by the i-th layer. By defining SMTCi as the SMTC period of layer i, the SMTC periods of partially overlapped layers can be
· 2*SMTCi, 4*SMTCi and 8*SMTCi, if SMTCi=20ms
· 2*SMTCi and 4*SMTCi, if SMTCi=40ms
· 2*SMTCi, if SMTCi=80ms
· No partial overlapped layers, if SMTCi=160ms
The corresponding measurement delay due to partially overlapped layers can be defined as

N partial, FR1 is the number of fully overlapped inter-frequency NR FR1 carriers being monitored.
N partial, FR2 is the number of fully overlapped inter-frequency NR FR2 carriers being monitored.
Lm and Ln represents the SMTC periodicity ratio of the target layer and partially overlapped layer, for FR1 and FR2 respectively, e.g. if SMTC period of partially overlapped layer is 2*SMTCi, Lm=1/2
Compared to Tfull_overlap where no leftover gap can be used for the target layer, partially overlapped layers do leave some unused gaps which can be used for target layer measurement. Because of that, the corresponding delay due to overlapped layers is discounted by the partially overlapping rate Lm and Ln

To simplify the equation, Lm and Ln can be generalized to all frequency layers. In case of fully overlapped layers, Lm and Ln can be equal to one. The definition of Lm and Ln is given as
Lm= SMTCtarget/max (SMTCm, SMTCtarget)
Consequently, the cell identification delay for the target layer i is defined as

Where 
NFR1 is the number of fully overlapped and partially overlapped inter-frequency NR FR1 carriers with target layer i.
NFR2 is the number of fully overlapped and partially overlapped inter-frequency NR FR2 carriers with target layer i.
It is noted that the target layer i is considered as one of fully overlapped layers.
The corresponding measurement delay can be defined as 

M measurement_Inter-freq, FR1 is the number of SSB which is used to measure a cell on a FR1 inter-frequency carrier, which is FFS 
M measurement_Inter-freq, FR2 is the number of SSB which is used to measure a cell on a FR2 inter-frequency carrier, which is FFS

Per frequency group gap based requirements
If per band group gap is supported by UE, then the FR1 cell identification and FR2 cell identification can be conducted in parallel and the time delay for the cell identification or measurement will not be accumulated between FR1 and FR2. 
However, depending on the implementation, FR1 and FR2 layers can share the baseband searching. For example, there are two serving CC in FR1, named as CC1 and CC1, and one serving CC in FR2, named as CC3. Let’s assume there are two intra-frequency layers, f1 and f2, to be monitored without gap on CC1 and CC2, respectively. Meanwhile, f3 is a FR2 inter-frequency layer to be monitored with gap at CC3. In case, the SMTC of f1,f2 and f3 are colliding in time domain. Three searchers are needed for parallel measurement. If UE have less than 3 searchers, the corresponding measurement delay will be increased. Since all measurements in FR2 are gap/interruption based, there is no parallel measurement at FR2 and therefore no further delay for FR1 layer is expected due to the limitation of searcher.
In this case, it is proposed.
Proposal 4: per-FR cell identification and measurement delay for FR2 should include the delay due to the limitation of number of searchers.
The corresponding cell identification delay for FR1 and FR2 is proposed as




Kinter-freq,GS=(1/X)*100 where X is a signalled RRC parameter for gap sharing scheme, and the corresponding gap sharing table is FFS. 
N freq, FR1 and N freq, FR2 are the number of fully and partially overlapping inter-frequency NR FR1 and FR2 layers, respectively,  with the target layer.
Ncolliding is the number of intra-frequency layers to be monitored without gap, which have colliding SMTC with the target layer.
The corresponding cell measurement delay is defined as 




Conclusion
In this contribution we discuss the inter-frequency measurement requirements for both per-UE and per frequency group gap based measurement. It is proposed that
Proposal 1: The eventual agreed measurement delay requirement should not preclude any measurement order.
Proposal 2: The eventual agreed measurement delay requirement should be based on the assumption that measurement gap occasions are efficiently used. 
The proposed requirements are summarized as below.
· Per-UE based inter-frequency cell identification requirements

where Lm= SMTCi/max (SMTCm, SMTCi), Lm= SMTCi/max (SMTCn, SMTCi)

· Per-UE based inter-frequency measurement delay requirements. 

· Per-FR based inter-frequency cell identification requirements



· Per-FR based inter-frequency measurement delay requirements
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