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Introduction
In RAN4#87, 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
On existing proposals for per-UE gap based requirements
One of the challenges to define gap based requirements is the availability of each individual gap is different even for the target carrier, depending on the measurement orders of MOs and the associated SMTC periodicity. Based on this observation, there have been some ideas to consider the competing carriers for each gap. The more carriers have SMTC occasions colliding on the same gap, the less opportunity that gap can be used to measure the target carrier. We acknowledge this is the right direction to resolve this issue. However, the existing proposals do not consider SMTC period differences among those carriers. SMTC periodicity can largely determine how quickly the corresponding carrier identification/measurement can be completed. Obviously, when the competing carrier is with smaller SMTC periodicity, that means the gap can be released quicker and becomes available for the target carrier earlier than when competing carrier’s SMTC periodicity is larger. As a result, SMTC period of competing carrier should be considered.
To define the minimum performance requirements, we should always assume the target carrier is measured with the lowest priority. That means if there is any competing carrier on a gap, the gap should be used to complete the competing carrier first. It seems this principle is not fully reflected in the existing proposals. 
To better understand how the different number of competing carriers with different SMTC periods impact on measurement delay of target carrier, we take the scenario illustrated in Figure 1 as an example for study. 


                                                                                  Figure 1: An example of inter-frequency measurement
In the example illustrated in Figure 1, 4 MOs are considered. Target carrier’s SMTC period is denoted by SMTCtarget. There are three competing carriers 1~3 and the associated SMTC periods are defined as SMTC1, SMTC2 and SMTC3. It is noted that SMTCtarget =1/2*SMTC1=1/2*SMTC3=1/4*SMTC2.
By assuming competing carrier 1 is measured before competing carrier 2, gap 1 is available for target carrier after N*SMTC1+N*SMTC2, N is the number of samples required to measure per carrier. In this case, gap 2, 3, 4 becomes available after N*SMTC1. 
If competing carrier 2 is measured before competing carrier 1, gap 1 is available after N*SMTC2 and gap 3 is also available after N*SMTC2 since while carrier 2 is monitored on gap 1, gap 3 can be used to monitor carrier 1 in parallel. Gap 2 and 4 become available after N*SMTC1
Figure 2 depicts the gap availability for gap 1-4 depending on the measurement order.


Figure 2: Illustration of gap availability depending on different order of measurememnts
In figure 2, X represent the maximum measurement delay for the target carrier, which can only be monitored when gap is not used by competing carrier 1~3. As illustrated in the figure 2, the blue bar represents the busy time duration when the gap is unavailable for target carrier. For example, on the left figure, the height of blue bar for gap 1 is N*(SMTC1+SMTC2). That means gap 1 is only available after N*(SMTC1+SMTC2). Similarly, gap 2-4 are available after N*SMTC1.
· When competing carrier 1 is measured before carrier 2, 
· Step 1: it is assumed all gaps can be used for target carrier measurement, i.e. X is larger than the maximum occupied time for all gaps. It is given that
· The available gap can be used for target carrier measurement is ¼*(X-N*(SMTC1+SMTC2))+1/4*(X-N*SMTC1)+1/4*(X-N*SMTC1)+1/4*(X-SMTC1)
· The required gap resources for target carrier is  N*SMTCtarget
· To make the available gap resource equal to required gap, we ¼*(X-N*(SMTC1+SMTC2))+1/4*(X-N*SMTC1)+1/4*(X-N*SMTC1)+1/4*(X-SMTC1)=N*SMTCtarget 
· 
 


· where  is the indicator which is 1 if the icarrier carrier can be monitored on the igap gap or 0 otherwise. 
· For example, in the scenario in figure 1, all indicators for target carrier are 1. For competing carrier 1, indicators are 1 for gap 1 and 3. For competing carrier 2, indicator is 1 only on gap 1. 
· Obviously, X=4*N*SMTCtarget is less than N*(SMTC1+SMTC2)=6*N*SMTCtarget. That means gap 1 can never be used for target carrier measurement.
· Step 2: without considering gap 1, we have 
· 1/4*(X-N*SMTC1)+1/4*(X-N*SMTC1)+1/4*(X-SMTC1)=N*SMTCtarget
· X=4/3*N*(SMTCtarget+3/4*SMTC1)=10/3*N*SMTCtarget
· When competing carrier 2 is measured before carrier 1, we have
· Step 1: it is assumed all gaps can be used for target carrier measurement, i.e. X is larger than the maximum occupied time for all gaps. It is given that
· 1/4*(X-N*SMTC2)+1/4*(X-N*SMTC1)+1/4*(X-N*SMTC2)+1/4*(X-N*SMTC1)=N*SMTCtarget
· 

· Obviously, X=4*N*SMTCtarget is not less than N*( SMTC2). That means gap 1 and 3 can never be used for target carrier measurement.
· However, since X equals to N*SMTC2, no step 2 is needed. 
Observation 1: It has been shown that both the order of competing carrier measurement and the associated SMTC periodicities does make difference in terms of target carrier’s measurement delay. Both of these factors should be considered. 
Proposal 1: We should define the minimum requirements to cover all possible measurement orders. The competing carriers’ SMTC periodicity should be considered as well.  
Now, we would like to check the existing proposals for Alt.3 and Alt.4, 
· Proposal 1 in [1]: the minimum requirements for the target carrier in Figure 1 is defined as     
· Proposal 2 in [2], the minimum requirements for the target carrier in Figure 1 is defined as    
Based on the above analysis, the requirements based on proposed methods in both proposals can be too aggressive to meet, especially when certain measurement orders are considered.
[bookmark: _GoBack]Observation 2: Existing proposals of Alt.3 and 4 are too tight to meet for some cases. 
 Updated proposal for per-UE gap based requirements
· In the updated proposal, the equivalent SMTC period of the i-th MO is defined as

· The gap utilization repetition period (GURP) is defined as

· Within GURP, there are K gaps where K=GURP/MGRP. The delay for carrier i due to competing carriers on the k-th gap, , is defined as
 
where,
Lm,k is 1 if the m-th carrier can be monitored on the k-th gap. Otherwise, Lm,k is 0.
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.
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
· Derive the identification delay based on the following formula 

· If , the identification requirement is defined as

· If  for some gaps, those gaps will be considered as unavailable for the target carrier measurement. The corresponding identification requirement is defined as

where 
 denotes the index of gap, of which  
Similar principle can apply to the gap based cell measurement requirements. 
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 CC2, 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 2: 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
· In the updated proposal, the equivalent SMTC period of the i-th MO is defined as

· The gap utilization repetition period (GURP) of FR1 and FR2 are defined as


· For FR1, there are KFR1 gaps with GURP for FR1 where KFR1=GURPFR1/MGRPFR1. For FR1 target carrier, the delay for carrier i due to competing carriers on the k-th gap, , is defined as
 
· Derive the identification delay based on the following formula 

· If , the identification requirement is defined as

· If  for some gaps, those gaps will be considered as unavailable for the target carrier measurement. The corresponding identification requirement is defined as

where 
 denotes the index of gap, of which  
· For FR2, there are KFR1 gaps with GURP for FR2 where KFR2=GURPFR2/MGRPFR2. For FR2 target carrier, the delay for carrier i due to competing carriers on the k-th gap, , is defined as
 
· Derive the identification delay based on the following formula 

· If , the identification requirement is defined as

where Ncolliding is the number of intra-frequency layers to be monitored without gap, which have colliding SMTC with the target layer.
· If  for some gaps, those gaps will be considered as unavailable for the target carrier measurement. The corresponding identification requirement is defined as

where 
 denotes the index of gap, of which  

Conclusion
In this contribution, our observations are summarized as
· SMTC period(s) of competing carrier(s) should be considered to define the requirements.
· If there is any competing carrier on a gap, it should be assumed the gap is used to complete the competing carrier first.
· It has been shown that both the order of competing carrier measurement and the associated SMTC periodicities does make difference in terms of target carrier’s measurement delay. Both of these factors should be considered. 
· Existing proposals of Alt.3 and 4 are too tight to meet for some cases.
Consequently, we propose
· Proposal 1: We should define the minimum requirements to cover all possible measurement orders. The
· Proposal 2: per-FR cell identification and measurement delay for FR2 should include the delay due to the limitation of number of searchers.
· Proposal 3: Consider to adopt the updated proposals described in section 2.2 and 2.3.
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