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1. Introduction
In RAN4 AH #NR2, some discussion progress was recorded in an approved WF [1], supplicated as below,
	· Clarity is needed on the intra/interfrequency definition used for eg categorizing measurement objects for measurement capabilities requirements, categorising measurement objects for delay/accuracy requirements, categorising measurement objects for event evaluation, measurement grouping at different measurement occasions, etc

· Consideration may also be given to more than 2 categorisations between intrafrequency/interfrequency,. One example would be intrafrequency measurements that are performed without retuning, intrafrequency measurements that are performed with retuning, interfrequency measurements that are performed without retuning, and interfrequency measurements that are performed with retuning . Interested companies may study naming and definirions of measurement categories.

· As a next step consider what is the reference for intrafrequency SS block based measurement objects

· Option 1 : Same SS block centre frequency location for serving cell and target cell

· Option 2 : Same gNB transmission centre frequency for serving cell and target cell

· Option 3 : SS block can be measured without retuning UE RF or measurement gap

· Option 4 : Other reference
· Finally, the intra/interfrequency definition also may conisder CSI-RS based measurements


In this contribution we continue to discuss the definition of intra-frequency and inter-frequency and the possible impacts on RAN4 and RAN2 are also mentioned. 
2. Definition for inter/intra-frequency definition

2.1. The key points for definition 

In order to make a definition for measurement, there are something needed to be emphasized before going into the detailed solutions, in our understanding.

· Consider all reference signals

The definition of measurement shall consider to apply for all the reference signal in the measurement objects, e.g. SSS or CSI-RS. The definition of measurement shall not be based on one specific reference signal only and this is also align with the current LTE definition.
Proposal1: The definition of measurement shall be common enough to apply for all the reference signal in the measurement objects

· UE actual behaviour

The definition of measurement shall be based on the UE actual behaviour, which is also related with UE complexity, power consumption and mobility performance. Like in R8 LTE, the original intra-frequency is always considered as that UE doesn’t need to use gap and that’s why the measurement delay of intra-frequency is always shorter than inter-frequency until (F)eMTC came up, and the new scenarios of (F)eMTC actually make some confusion to the previous measurement definition in UE and network, that is, the measurements were divided into three types: intra-frequency with gap,  intra-frequency without gap, inter-frequency with gap. However, now we are going to define the measurement for a new system and we could use the experience in LTE discussion to avoid this complex terminology. So, we propose that, the difference of UE behaviour shall be an important reference for new definition. 

Proposal 2: The difference of UE behaviour shall be an important reference for new definition.
· Network impacts

We shall also consider some impact on network by changing the definition, since some of the measurement configurations is broadcasted as cell based instead of specific UE based. For instance, in the RAN2 signaling, some of the neighbour cell information or configuration are in the SIB, which is broadcasted instead of UE specific, so the definition in this case may only focus on the relation between serving and target cell regardless of specific UE status. So we would like to also consider the network impacts, e.g. RAN2 signaling, for the new definition.
Proposal 3: It also consider the network impacts, e.g. RAN2 signaling, for the new definition.
· New definitions of different measurement shall result in enough differences in terms of core and performance requirements
If the terminology is used as “intra-frequency” and “inter-frequency”, the difference between these two definitions shall be concrete enough, and here difference may consider as UE behaviour difference, or, network impact difference, or RAN4 requirement difference and so on. Otherwise, the new definition is meaningless in reality.
Proposal 4: Difference between these two definitions (e.g. “intra-frequency” and “inter-frequency”) shall be concrete enough.
2.2. Discussion on previous options
In last meeting there are at least three option on the table to define the intra-frequency:

· Option 1 : Same SS block centre frequency location for serving cell and target cell

· Option 2 : Same gNB transmission centre frequency for serving cell and target cell

· Option 3 : SS block can be measured without retuning UE RF or measurement gap

· Analysis on Option 2
This option is similar as legacy LTE and it’s easy to understand, but this option has no help to the NR scenarios. Even the centre frequency of serving cell and target cell is same, the UE may also need tuning/retuning to measure the SS block in following cases,

· SS block has different centre frequency in serving and target cell

· UE is not on the centre frequency of serving cell

So from UE behaviour and capability requirement perspective, this definition of intra-frequency is not differentiated from inter-frequency.

· Analysis on Option 1
Option 1 focus on the SS block centre frequency location is same between serving cell and target cell, but from UE behaviour and network impact aspects this option is still not the best choice. The reason is as below,

·  UE behaviour: 

· SS block has same centre frequency in serving and target cell, but UE may not operating on the centre frequency of serving cell, and this UE still need tuning/retuning for measurement

· Centre frequency of some SS blocks in target cell may be same as serving cell, the other SS blocks in target cell may be different from serving cell, and this UE still need tuning/retuning for measurement

So from UE behaviour and capability requirement perspective, this definition of intra-frequency is not differentiated from inter-frequency. 
And moreover, this option is not common for CSI-RS based measurement, since CSI-RS is scheduled irrelevant to SS blocks, and that is to say, the location relation of SS blocks between serving cell and target cell will have no any impact on the CSI-RS measurement behaviour.

Observation1:  the location relation of SS blocks between serving cell and target cell will have no any impact on the CSI-RS measurement behaviour

So for CSI-RS measurement the definition in option 2 is meaningless. 
· Analysis on Option 3
This option focus on the difference of UE behaviour of measurement, so the UE behaviour will be easy to differentiate between intra-frequency and inter-frequency. 
On the other hand, using UE tuning/retuning to define a measurement is nothing to do with which the reference signal is, but the current option 3 shall be revised to measure reference signal instead of SS block only, which is as below,

· Option 4 : Reference signal can be measured without measurement gap

And that means it can be a common definition applied to both SS block and CSI-RS measurement case. If SS block measurement doesn’t need RF tuning and CSI-RS measurement need RF tuning, then intra-frequency measurement is for SS blocks but inter-frequency measurement is for CSI-RS. If those SS block and CSI-RS are in the same time slot, then we may choose the inter-frequency measurement requirement for both reference signals.
Considering the network impact, the only possible impact is on RAN2 signaling of measurement configuration, which may has some mismatch between RAN4 definition and RAN2 definition. But since NR is a new system and the signalling may be completely new as well, RAN2 may be able to accommodate corresponding measurement configuration into RAN4 new definition. So we propose to send LS[3] to RAN2 once RAN4 makes any conclusion on the new definition for measurement as below.

	Based on the discussion in RAN4 #84 meeting, RAN4 has following agreement on the definition of intra-frequency and inter-frequency measurement.

Intra-frequency neighbour (cell) measurements: Neighbour cell measurements performed by the UE are intra-frequency measurements when the neighbour cell can be measured or synchronized without measurement gap.

Inter-frequency neighbour (cell) measurements: Neighbour cell measurements performed by the UE are inter-frequency measurements when the neighbour cell can be measured or synchronized with measurement gap.

RAN4 would like RAN2 to take into account the above conclusions in the future work.


The condition to decide whether retuning is needed or not shall be based on a legacy UE implementation, e.g single RF chain. That is like in R8 LTE, we also have UEs who can conduct inter-frequency without gap, but the requirement for these advanced UEs are still inter-frequency requirement rather than intra-frequency measurement. 

Proposal 5: The intra-frequency measurement can be defined as: reference signal can be measured without measurement gap.

Proposal 6: Send LS to RAN2 once RAN4 makes any conclusion on the new definition for measurement
Proposal 7: The condition to decide whether retuning is needed or not shall be based on a legacy UE implementation.
In [2], Huawei listed all the possible scenarios for measurement, and some of scenarios are based on the legacy LTE scenarios in TS36.300. However, in our understanding, some of the scenarios looks not practical in the reality and quite complicated for requirement defining and cases categorizing, for example, cells may have some overlap on the BW but the channel BWs between those cells are not equivalent. After reviewing the LTE band deployments, there is a very rare case that  two cells have different BW with same centre frequency or target cell is using part CBW of the serving cell or serving cell is using part CBW of the target cell. Then the scenario B, C, D, E, H, J, K and L are not practical scenarios from real network perspective. For the rest scenarios A, F, G, I, we may categorize them as: only scenario A is intra-frequency measurement, and the F, G, I are inter-frequency measurement. However, we are also open to see the input from operator on the practical scenarios.
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3. Conclusions

In this contribution we continue to discuss the definition of intra-frequency and inter-frequency and the possible impacts on RAN4 and RAN2 are also mentioned. 

Proposal 1: The definition of measurement shall be common enough to apply for all the reference signal in the measurement objects.
Proposal 2: The difference of UE behaviour shall be an important reference for new definition.

Proposal 3: It also consider the network impacts, e.g. RAN2 signaling, for the new definition.

Proposal 4: Difference between these two definitions (e.g. “intra-frequency” and “inter-frequency”) shall be concrete enough.
Proposal 5: The intra-frequency measurement can be defined as: reference signal can be measured without measurement gap.

Proposal 6: Send LS to RAN2 once RAN4 makes any conclusion on the new definition for measurement
Proposal 7: The condition to decide whether retuning is needed or not shall be based on a legacy UE implementation.
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