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1 Introduction
In RAN2#96, 3 questions were asked of RAN4 about measurement gap enhancement.
	1. Overall Description

RAN2 discussed the capability signalling of the per CC measurement gap and aim to address UE capability size concerns with whatever solution is selected. Currently, there are multiple options on the table. Some of the options relates to the UE RF structure:

· Q1: RAN2 would like to ask RAN4 if it is feasible to define a UE RF structure model that can be signalled by the UE and can be used to drive UE’s per CC measurement gap capability. 

In addition, RAN2 would like RAN4 to clarify further details of the per CC measurement gap concept:

· Q2: Does the concept allow the network to configure multiple measurement gap patterns per one cc? 

· Q3: Does the concept allow the network to configure multiple measurement gap patterns per UE, in terms of gap size, repetition and offset?

· For instance, Are the following examples valid: 

· Example 1: cc1 – gp0, cc2 – gp1, cc3 – no gap

· Example 2: cc1 – gp0, cc2 – gp0, cc3 – no gap

2. Action

To: RAN WG4

ACTION: RAN2 respectfully ask RAN4 to give feedback to the above questions.


In this contribution we give our views on suitable responses.
2 Discussion

Q1: RAN2 would like to ask RAN4 if it is feasible to define a UE RF structure model that can be signalled by the UE and can be used to drive UE’s per CC measurement gap capability
The meaning of “RF structure model” is not completely clear from the LS, and some background to the discussion is needed. The discussion was triggered in RAN2 by a discussion paper on per CC measurement gap[2]. Some text describing the idea is copied below

	However, we think RF chain information is not that large, as explained below. 
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Let’s assume that supported bands and multiple RF chains are configured as above figure. If the UE indicates each RF chain ID and bands allocated by each chain to the network, the network could know used RF chain, unused RF chain, and bands related to configured CCs. 

Below is an example of RF chain information in order to avoid large overhead problem. With the RF chain information, the network can deduce and determine measurement configuration for per-CC gap. 

-- ASN1START

RFchainConfig ::=





SEQUENCE {


RFchainId





RFchainId,


RFchainSupportedBand


RFchainSupportedBand

}

RFchianId ::=




INTEGER (1..maxRFchainId)

RFchainSupportedBand ::=


SEQUENCE (SIZE (1..maxBands)) OF RFchainBandEUTRA

RFchainBandEUTRA ::=



SEQUENCE {


bandEUTRA






FreqBandIndicator
}

-- ASN1STOP
In addition, Option 1 allows the network to consider all UE measurement related capabilities. As the UE signals all of supported bands, CA combination, and RF chain information, the network can deduce and determine all cases of per-CC gap based on these UE capabilities. Hence, Option 1 is good from flexibility point of view.

Observation 1 Option 1 is simple and flexible solution because it is realized by simply adding RF chain information and allows the network to consider all of UE measurement related capabilities.




The basic idea is that a list of RF chains is indicated to EUTRAN (each of which has an RF chain ID), and for each RF chain there is a list of supported RF bands. In the example figure shown, the UE would indicate that RF chain 1 supports bands A and B, RF chain 2 supports bands C and D and RF chain 3 supports band E. So, for example, if a CA combination A+C+E is configured and measurements are configured on band B, then it is assumed that gaps are needed for the CC on band A so that the measurements can be performed for band B.
In practice, the idea may be considerably more complicated. For example, some UEs may support the same band with more than one RF chain, for instance the example could be updated to be:
RF chain 1 : Band A, band B

RF chain 2 : Band A, band C and band D

RF chain 3 : Band E

One reason for doing this would be that the UE may support A+B carrier aggregation (in addition to A+C and A+D CA), which clearly cannot be supported unless band A reception can also be performed on RF chain 2. Another feature of this architecture is that if it performs 2DL intraband CA, it is not clear whether this is being performed with one wideband RF chain (either chain 1 or chain 2) or if 2DL intraband CA is implemented with 2x20MHz RF chains. Yet another possible reason could be for example, that RF chain 1 is used for one subband of band A, and RF chain 2 is used for a different subband, so the UE decides which chain to use based on E-ARFCN.

Hence it is not clear which RF resources the UE is actually using to perform CA, and hence the gap configuration needed for the UE cannot be determined.

It is also clear that the proposal as it stands gives no information about interruption aspects of the different RF chains, since they are being considered independently. Finally, RF chain information may need to consider uplink and downlink (RX and TX chains) since a measurement gap applies to both DL and UL.

Since the RF structure model was not considered in detail in the SI phase, or until now in the work item, it seems that the work needed to develop it into a practical and workable capability mechanism would be extensive and could not be completed in the release 14 measurement gap work item. Hence we recommend that this approach is not considered as a solution for per CC measurement gap enhancement capabilities.
Proposal 1 : RF structure model based solutions are not considered further for measurement gap enhancement work in release 14

· Q2: Does the concept allow the network to configure multiple measurement gap patterns per one cc? 

The answer to this question depends on discussions which are not yet concluded in RAN4. Gaps may be needed either
· To allow an RF chain to switch to a different operating frequency / band to perform measurement

· To provide interruption control eg using an NCSG type of pattern or performing interruption control using 6ms legacy gaps

It is fairly clear that only one measurement gap pattern per CC is needed to allow the RF chain to switch to a different operating band/CC. However, there is a possibility that NCSG is needed (at different times) on the same CC as measurement gaps for switching to different operating frequency / band.

RAN4 has already decided to simplify the work on measurement gap enhancement by

· Not mixing 6ms and 3ms MGL in per CC measurement gap configurations

· Not having different timing offsets for different per CC measurement gap patterns.
The one aspect which is outstanding to answer the question is whether all per CC measurement gap patterns have the same repetition period (MGRP). It is our strong preference that this simplification is made since otherwise there may be CC which are configured with an 80ms MGRP for measurement purposes, and at the same time additionally need an NCSG with a 40ms repetition period due to interruption control for a different carrier. The theoretical overheads are shown in table 1 for 2DL CA and ML=6ms
	Configuration
	Lost scheduling opportunity averaged over both CC

	40ms both CC
	15%

	80ms+NCSG one CC

40ms one CC


	12.5%

	80ms both CC
	7.5%


While we acknowledge the situation could be different for example if more component carriers were considered, the gains are still going to be relatively small. To simplify the work, we propose

Proposal 2 : The same MGRP/VIRP is used for all CC in per CC measurement gap enhancement work

If proposal 2 is agreed then measurement gaps/NCSG occur at the same time instant on all CC, and then the network does not need to be able to configure multiple measurement gap patterns per one cc.
Proposal 3 : If proposal 2 is accepted, the consequence is that the network does not need to be able to configure multiple measurement gap patterns per one cc.

· Q3: Does the concept allow the network to configure multiple measurement gap patterns per UE, in terms of gap size, repetition and offset?

· For instance, Are the following examples valid: 

· Example 1: cc1 – gp0, cc2 – gp1, cc3 – no gap

· Example 2: cc1 – gp0, cc2 – gp0, cc3 – no gap

This is related to Q2. RAN4 has already decided that 3ms and 6ms ML gaps are not mixed on different CC. In our understanding, RAN4 also decided that different offsets are not used. This is explicitly stated for approach B in [3], however in our understanding the agreement could also apply for approach A.
· Same gap offset is used for all CC if gap is configured so that interruptions do not occur with different offsets
Hence repetition is the remaining factor. If proposal 2 is agreeable, then the answer for RAN2 would be that the concept does not allow the network to configure multiple measurement gap patterns per UE, in terms of gap size, repetition and offset, meaning that example 1 is not valid, but example 2 is valid. It should also perhaps be clarified that

Example 3 : cc1 – gp0, cc2 NCSG with same periodicity as gp0, cc3 – no gap

Is also valid.

Proposal 4 : The concept does not allow the network to configure multiple measurement gap patterns per UE, in terms of gap size, repetition and offset. NCSG and measurement gap may be mixed, with the same periodicity and offset.
3 Conclusions

In this contribution we consider the questions raised in [1]. A draft reply is also provided, based on the following proposals.
Proposal 1 : RF structure model based solutions are not considered further for measurement gap enhancement work in release 14

Proposal 2 : The same MGRP/VIRP is used for all CC in per CC measurement gap enhancement work

Proposal 3 : If proposal 2 is accepted, the consequence is that the network does not need to be able to configure multiple measurement gap patterns per one cc.

Proposal 4 : The concept does not allow the network to configure multiple measurement gap patterns per UE, in terms of gap size, repetition and offset. NCSG and measurement gap may be mixed, with the same periodicity and offset.
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