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1 Introduction
In RAN4#81 there was extensive discussion of different options for per CC gap capability signalling. Previously to RAN4#81 this topic was also discussed in RAN4 at high level, and several different options were identified. Earlier RAN4 provided the following options to RAN2
	· Option 1: UE signals capabilities for all supported CA combos when UE attaches to the network

· Option 2: UE signals capabilities on demand (network advertises what it supports and UE replies with related capabilities)

· Option 3: UE signals capabilities based on configured CA combo (UE sends capabilities when configured with a certain CA combo)

· Option 4: UE determines the exact measurement gap configurations per CC and signals NW the corresponding gap pattern ID. NW can override UE’s decision by falling back to legacy per-UE based measurement gap configuration.

· Other options are not precluded

· The discussion on capability signalling option may take place in RAN2 


However, it has been quite difficult for RAN2 to proceed with the detailed design and decision between these options, partly because a signifncant understanding of UE RF architecture is needed. For this reason, RAN4#81 meeting again discussed the options, focussing on option A and option B, which can be regarded as detailed descriptions of the earlier option 1/2 and option 4. In addition, in November RAN2 also continued to discuss the capability signalling and asked RAN4 about a further approach, based on signalling an RF structure model[2].
	· Approach A (eg Options 1,2) : Gap capabilities are reported by the UE in advance of configuration of CA and measurements

· eNB may use the information to select a suitable configuration based on its gap needs
· UE does not have the opportunity to optimize its gap configuration once the exact measurement configuration is known. 
· Reported gap capabilities can result in a non-optimized indication of need for GAP/NCSG, although UE has sufficient gaps to measure.
· Approach B (eg Option 4)  : Gap capabilities are reported by the UE after configuration of CA and measurements

· eNB can configure a measurement gap configuration. Note: eNB does not have the information to optimize gap configuration based on the UEs gap needs

· UE has the opportunity to indicate its optimized gap configuration once the exact measurement configuration is known

· eNB is able to override UE and decide a different gap configuration based on per-UE gap configuration to make sure UE has sufficient gaps to measure.


2 Discussion

We have provided a separate contribution[3] with views on the RF signal model apporach that RAN2 asks about in [2]. In short, we think that there are signifcant practical issues to address for the RF signal model approach, such as the case when multiple RF chains support a certain band, in which case it is not clear which RF chain is used for either CA reception or measurements, and addressing interruption capabilities. Since the RF signal model approach has not been evaluated to a great extent in the study item and work item on measurement gap enhancement, we propose 
Proposal 1 : RF structure model based solutions are not considered further for measurement gap enhancement work in release 14

Further justifications of this proposal are provided in our companion contribution covering the RAN2 LS[3]. For the remained of this contribution we consider approach A and approach B as described in the RAN4 way forward [1]
	Approach A 

· Within the context of the bitmap example in TR36.894, each CA combo is considered to be according to the RAN2 definition of a supportedBandCombination.

· Within the context of the bitmap example in TR36.894, at least the following options are needed for target measurement band for each serving CC: a) No gap needed b) Interrupt control gap needed c) Measurement gap needed

· To simplify the work, a single MGRP/VIRP for all CC configured in each UE can be considered. 

· Multiple measurement band configurations can be derived from single measurement band gap configurations using the following rules

· If one or more relevant measurement bands (columns in the table) indicates a need for GAP for a certain CC, the combined result for that CC is GAP. 

· If one or more relevant measurement bands (columns in table) indicates a need for INTC for a certain CC (INTC entries are logically “OR’d”) and no other column indicates a need for GAP for that CC, the result is INTC. If any of the columns indicates a need for GAP, rule 1 already indicates that GAP should be configured. 

· If all relevant measurement bands (columns in the table) indicate NOGAP for a certain CC, the result is NOGAP (NOGAPS are combined in logical “AND”).

· Since the number of combinations of these factors is very high, under option A it would be difficult to signal Nfreq,effective for every possible measurement configuration (ie there are no simple combining rules from which Nfreq,effective for multiple measurement objects can be derived)




	Approach B
· Per-CC gap offset
· Same gap offset is used for all CC if gap is configured so that interruptions do not occur with different offsets
· Example Measurement gap configuration procedure
· Step 1: NW configures measurement/gap according to existing signaling including per UE MGRP
· Step 2: For each CC, UE indication to NW includes all following information
·  Indication on if gap is needed or not
· If yes, per-CC gap configuration is indicated
· If yes, optionally an indication of a preferred MGRP which may be longer than the per UE MGRP
· Indication on if NCSG is needed or not 
· If yes, per-CC gap configuration is indicated
· If yes, optionally an indication of a preferred VGRP which may be longer then the per UE MGRP
· N_freq,effective
· UE’s parallel measurement capability can be indicated by N_freq_effective.
· Note 1: Indication configuration is given in Table 1
· Note 2: The need for indication 2 arises if the UE indicates different MGRP for different CC
· Step 3: NW can either honor or override UE’s indication in step2 and indicate UE’s per CC gap configuration
· Example 1: if UE indicates 80ms MGRP, NW can override it to 40ms
· Example 2: if UE indicates 40ms MGRP, NW can override it to 80ms. In this example, eNB should request UE to provide updated N_freq_effective.
· Example 3: if UE indicates no gap, NW can override it to 40ms or 80ms
· Example 4: If the UE indicates NCSG, the NW can override it to 40ms or 80ms 6ms gap
· Step 4: if NW reconfigure measurement object list and gaps according to existing signaling including per UE MGRP, go back to Step 2. Otherwise, the measurement gap configuration is completed
 

Need Gap
Need interruption control
Indication 1
Yes and gap configurations
No
Indication 2
Yes and gap configurations
Yes and NCSG configuration
Indication 3
No
No
Indication 4
No 
Yes and NCSG configuration
Table 1: example table of UE indication for per-CC gap configuration 



2.1 Parallel measurements

We begin by discussing parallel measurements. In the way forward, it is proposed under either approach A or approach B that Nfreq,effective is signalled. We have previosuly discssed that in theory Nfreq,effective depends on 3 factors

· The CA configuration, which determines RF chains in use and free

· The measurement configuration, which determines RF chains needed for measurements

· The per CC gap configuration, which determines which used RF chains are also able to make measurements in gaps.

Earlier we have proposed that Nfreq,effective is indicated assuming a maximal (per UE) gap configuration which eliminates consideration of the 3rd factor. However we think there are signficant issues with signalling of Nfreq,effective regardless of the discussion on approach A versus approach B.

For approach A, the difficulty with Nfreq,effective is already documented in [1] which says “•
Since the number of combinations of these factors is very high, under option A it would be difficult to signal Nfreq,effective for every possible measurement configuration (ie there are no simple combining rules from which Nfreq,effective for multiple measurement objects can be derived)”
For approach B, the UE only provides information on Nfreq,effective for the currently configured CA configuration and measurement configuration. The difficulty with this approach is that the network receives no information about how Nfreq,effective would change if either the CA configuration or the measurement configuration was modifed. If the Nfreq,effective is too large considering network mobility needs then the network will need to find ways to reduce it and hence reduce measurement delays.  However the network is unaware in advance  of a suitable configuration which would give a smaller Nfreq,effective, and could at best use a trial and error approach to determine a suitable configuration, with each trial involving a measurement reconfiguration. There are no guarantees that reducing the number of measurement objects improves the situation and without detailed knowledge of the UE implementation and architecture the network can only guess on how to improve measurement performance.
Observation 1 : Nfreq,effective under approach B is only indicated for the current configuration. This does not provide any basis for the network to plan what kind of alternative configuration to use to give a certain level of performance.

Since Nfreq,effective seems to be problematic regardless if approach A or approach B is chosen, we attempt propose an alternative indication which we believe can be used by the network for neighbour list plannng purposes. We would emphasise that there is a tradeoff between very flexible yet complicated signalling which may tell exactly what the UE implementation is capable of doing in an exact configuration in advance, and very simple signalling which would allow for certain categories of parallel measurement capabilities to be indiacted more generically, but would mean that UEs could only indicate the capability if they implemented according to the generic capability. We think that it is necessary to simplify the work in some way, but excessive simplification can lead to a less useful feature,

To devleop the simplifications, we recall that parallel measurement is primarily a feature intended to make use of the fact that the UE may use multiple RF chains during a single measurement gap to process multiple measurement objects in the measurement gap. Although the use of muiltiple RF chains to measure on one band is not precluded, RF chains are typically assoicated with a band or bands on which they operate. From this we can conclude that it is more likely that UEs are able to measure measurement objects on in parallel on different bands, and measuerment objects on the same band are likely to be measured on the same RF chain. 
Hence we propose that for each CA combination and measurement combination consisting of multiple bands, the UE could indicate a flag indicating that it can measure all the bands in the measurement combination in parallel. This is perhaps best illustrated with an example. Suppose that a UE is configured with 2DL CA on bands A+B, and the measurements are to be performed on bands A and C. We assume that the UE has (at least) 2 RF chains. If the band A RF chain is the only RF chain in the UE which can measure band A and band C, then it is obvious that such a UE cannot perform parallel measurements. If the band B RF chain can be switched to band C in measurement gaps, and the UE has sufficient baseband processing capability then it can perform parallel measurements of band A+C. There are also other ways in which the UE could achieve parallel measurements eg involving spare RF chains.
Proposal 2 : Nfreq,effective is replaced by a parallel measurement indication, which is TRUE if the UE is capable of measuring all the bands in the measurement configuration in parallel with a per UE gap configuration

One benefit of this proposal is that only bands need to be consdered, whereas Nfreq,effective depends on the number of measurement objectss on each band. Potentially the true/false flag in proposal 1 could be replaced by indicating an integer which is the number of bands that are measured in parallel. This would provide some more information to the network, but it is difficult to write performance requirements for cases except either (1) all bands are measured in parallel or (2) no bands are measured in parallel.

If all the bands are meaured in parallel in a certain measurement configuration and we also assume (for minimum performance purposes) that all measurements on the same band are performed sequentially, then the effective scaling of requirements is given by

Nfreq,effective=max(k1,k2,k3…) where k1 is the number of measurement objects on the first band in the measurement configuration, k2 is the number of measurement objects on the second band in the measurement configuration and so on.

As an example, if the UE is configured to measure band 1 and band 2 and indicates that it can measure band 1 and band 2 in parallel, then 

Case 1 : 1 carrier on band 1 and 1 carrier on band 2. Legacy Nfreq=2 as there are 2 measurement objects. With parallel measurements Nfreq,effective = max (1,1) =1

Case 2: 2 carriers on band 1 and 1 carrier on band 2. Legacy Nfreq=3 as there are 3 measurement objects. With parallel measurements Nfreq,effective = max (2,1) =2.

In case 2 it is likely that measurement reporting is faster on band 2 than band 1 since there are fewer carriers to measure. However, RAN4 does not mandate different measurement performance for different measurement objects and we do not propose to change that, since it would also imply a certain implementation. Therefore we propose that performance requirements can be based on
Proposal 3 : If the UE has indicated that it can measure multiple bands in parallel then Nfreq, E-UTRA is given by the maximum number of carriers being monitored on any one band
2.2 Comparison of approaches

In principle, the main difference between approach A and approach B is that for approach A capabilities for needed gap configuration are reported in advance of CA and measurement configuration whereas for approach B the information on needed gap configuration is given once the UE has been configured with CA and with measurements.

As a starting point, regardless of the discussion on approach A versus approach B, we think it is important to identify the factors that per CC gap configurtion depends on, in other words the variables that the UE will take into account to determine on which CC it needs gap/gap+NCSG/NCSG/no gap and also whether it can perform measurements in parallel. In our understanding, the final need for gap/gap+NCSG/NCSG/no gap on each CC could depend on

1. CA configuration used (both DL and UL)

2. Measurement objects configured
3. The per CC gap configuration (needed for Nfreq_effective determination only)
We now discuss the pros and cons of approach A and B, including how Nfreq_effective could be indicated.

Approach A
The key point of approach A is that the approach attempts to provide the eNB with information about each UE’s capabilities in advance of it being configured. Approach A corresponds to something similar to the the bitmap approach which was discussed extensively in the SI phase and captured in TR36.894. 
In the basic bitmap approach, a table similar to table 6.3.1 of TR36.894 is provided for each supported CA band. Since UEs may support hundreds or thousands of CA bands this will result in a large amount of signalling, approach A (option 2) addresses this apsect by allowing the network to advertises what it supports and UE replies with related capabilities only for CA bands supported by the network. If the network is not interested in a particular CA band combination that the UE supports, it does not request information about this combination.
Some of the advantages and disadvantages of apporach A are

Advantages

+ Information about UE capabilities for different measurement (and CA) configurations is known in advance, so there is no need for a trial and error approach from the network perspective – the needed gap configuration and performance is known by the eNB in advance, so it may optimise each UEs configuration or perform UE reconfiguration at any time based on network needs.

+ The information is handled in the same manner as other UE capabilites when the UE first attaches to the network, so may be transferred eg in handover preparation with the rest of capability information so that target eNBs are aware of each UE and its capabilities.

Disadvantages

- As there are a very large number of band combinations for measurements (more than CA combos), combining rules are needed for the gap capabilities eg 
•
If one or more relevant measurement bands (columns in the table) indicates a need for GAP for a certain CC, the combined result for that CC is GAP. 

•
If one or more relevant measurement bands (columns in table) indicates a need for INTC for a certain CC (INTC entries are logically “OR’d”) and no other column indicates a need for GAP for that CC, the result is INTC. If any of the columns indicates a need for GAP, rule 1 already indicates that GAP should be configured. 

•
If all relevant measurement bands (columns in the table) indicate NOGAP for a certain CC, the result is NOGAP (NOGAPS are combined in logical “AND”).

These combining rules may take away the possibility for the UE to optimise its gap configuration in a better way (fewer gaps) once the UE is aware of the combination of bands to be measured, depending on UE implementation.

Approach B

In approach B, the UE is configuerd with carrier aggegation and measurement/gap according to existing signaling including per UE MGRP. The UE then gives an indication of a suitable gap pattern for each configured CC. Based on this indication the NW can either honor or override UE’s indication. The key point of appoach B is that the per CC gap configuration is decided after CA and measurements have been configured.
Some of the advantages and disadvantages of approach B are

Advantages

+ The UE is already configured, so has the possibility to optimise the per CC gap configuration.
Disadvantages

- There are no guarantees that the UE does (or is able to do) more than the combining rules of option A to optimise gap configuration
- The eNB only gets information about gap needs and parallel meaurement capability for the currently configured CA and measurement configuration. The eNB cannot optomise the configuration to get a certain level of performance or a certain level of gap usage other than by a trail and error approach, ie the eNB tries reconfiguring to multiple different configurations to see what the resulting per CC measurement gap indication and parallel measurement capability are for each configuration.
- Since the indications are not traditional UE capabilities, no information is transferred at handover. This means that each eNB which the UE connects to has to perform its own configuration/reconfiguration of measurements and gaps to get a UE recommendation on per CC measurement gaps.

- The UE is unaware of whether the network goal is to minimise measurement delays, or to maximise scheduling opportinities when it makes its recommendation.

Hybrid approach
From the desription above, it is clear that both apporach A and approach B have advantages, but both apporaches also have signficant technical disadvantages as well. From a high level perspective approach A can be regarded as a network centric approach in which the NW has good possibilities to perform optimisations whereas the UE does not, and approach B can be regarded as a UE centric procedure in which the UE has good possibilities to perform optimisations whereas the network does not. In this sense neither approach is ideal, and we think it would be beneficial to explore a hybrid between approach A and apprach B so that both UE and eNB optimisations are possible.
Firstly, we believe that even under approach B the UE cannot perfom optimisations on any factor which is time varying, for example radio conditions. The reason is simple, the UE gets one single opportunity to recommand per CC gap patterns and if the network follows the recommendation, the UE will need to live with the pattern it has recommended for the remainder of the connection (or at least until the network decides to recofigure it again). So, if, for example, the SINR of some cells on different frequency layers changes, the UE still needs to perform meaurements and meet all applicable RAN4 requirements.
Observation 1 : The UE cannot perform optimisations to measurement gap configuration based on any factor which is time varying, for example radio conditions.
Fundamentally then, there seems to be no signficant advantage from UE’s perspective in waiting to be configured with measurements to provide information on the per CC gap configuration or parallel measurement capability, since the UE cannot base its decision on any factor which will change. On the other hand, it is a signfcant disadvantage from the network perspective, since it forces the network to use a trial and error approach, and to try different configurations to see what happens.

So the first element of the hybrid approach that we propose is that the per CC and parallel measurement capabilityinformation is made available by the UE prior to configuration, for a candidate configuration or configurations.
Hybrid approach proposal 1 : The per CC and parallel measurement capabilityinformation is made available by the UE prior to configuration of carrier aggregation and measurements. This could be, for example, when the UE first attaches to the network.

The second aspect of the hybrid approach is that it is an advantage for the UE to be aware of both the CA and measurement candidate configurations, especially for determinging parallel measurement capability The main disadvantages of approach A are releated to the handling of multiband measurement configurations which are handled by combining rules (possibly pessimically).
Hybrid approach proposal 2 : The UE is provided with both candidate CA configuration(s) and candidate measurement bands(s) so that has the possibility to optimise its preferred per CC gap configuration and report whether it can measure the bands in parallel assuming per UE gaps
Based on this information, the network can later decide when the emphasis is on measurement delay and configure per UE gaps, or the emphasis is on minimising gap usage and configure per CC gaps. In fact, there are intermediate configurations between the UE recommended per CC gap pattern and the per UE/common gap pattern, but we do not think it is practical to consider all possible gap configurations between these two end points. 
The last proposal relates to whether the UE provides information for one or more candidate sets of measurement bands. One of the disadvantages of approach B is that the network would need to use multiple iterations if it wants to gain information about what the UE would do, especially for different measurement configurations. For example, the network may assume that the UE can perform parallel measurements so configure a large number of measurement objects. Only when it has done this will it get the parallel measurement indication from the UE, and if the UE does not indicate parallel measurement, it would need to reconfigure the UE with fewer measurement objects. We see it as beneficial to avoid procedures based on iteration. According to hybrid proposal 1, these iterations would be performed when the UE first attaches to the network rather than by configuring it, but nevertheless we think it is better to provide a list of CA configurations of interest (eg the CA bands supported by the network) and to provide a list of measurement configurations which are of interest.

Hybrid approach 3 : The UE is provided with  a list of CA configurations of interest (eg the CA bands supported by the network) and a list of measurement configurations which are of interest.
The final aspects which need to be discussed are whether the UE makes a recommendation on MGRP as a part of the per CC gap configuration, or if MGRP is chosen by the eNB, in which case a common MGRP would be chosen for all CC where gaps (or NCSG) are needed. In the past we have favoured the latter optrion, however it may be better to discuss the hybrid approach at high level, and then to narrow down the details such as MGRP handling. We would emphasise that the hybrid approach is intended to try to obtain advantages of both approach A and approach B, while not incurring any major new disadvantages to allow both network and UE to cooperate in determining the per CC or parallel measurement configuation.
To allow companies to evaluate the basic concept of the hybird approach it is summarised in table 1

	Step 1 : When the UE first attaches to the network (or at any rate before CA/measurement configuration) the eNB provides

· A list of CA bands of interest for per CC/parallel measurements capability exchangeThe network provides a list of measurement bands 

Step 2

For each CA band of interest and each combination of measurment bands the UE provides
· Parallel measurement indication
· UE’s parallel measurement capability is indicated by a flag which is TRUE if all measurement bands can be measured in parallel assuming that common/per UE gaps are used
· For each CC, UE indication to NW includes all following information
· Indication on if gap is needed or not
· If yes, per-CC gap configuration is indicated
· Indication on if NCSG is needed or not 
· If yes, per-CC gap configuration is indicated
Step 3 : Once CA is configured and the eNB wants to start interfrequency measurements it uses the information from step 2 to select a suitable gap configuration. NW can either honor or override UE’s indication in step2 and indicate UE’s per CC gap configuration


· Table 1 : Example of the hybrid approach
3 Conclusions

In this contribuion we discuss approach A and B from [1]. Both options have some advantages but also signficant disadvantages. Hence, we propose an alternative which may be regarded as a hybrid between option A and option B which attempts to address the shortcomings of either of the existing approaches. We welcome feedback and discussion of the further details of the hybrid approach
Proposal 1 : RF structure model based solutions are not considered further for measurement gap enhancement work in release 14

Proposal 2 : Nfreq,effective is replaced by a parallel measurement indication, which is TRUE if the UE is capable of measuring all the bands in the measurement configuration in parallel with a per UE gap configuration

Proposal 3 : If the UE has indicated that it can measure multiple bands in parallel then Nfreq, E-UTRA is given by the maximum number of carriers being monitored on any one band
Observation 1 : The UE cannot perform optimisations to measurement gap configuration based on any factor which is time varying, for example radio conditions.
Hybrid approach proposal 1 : The per CC and parallel measurement capabilityinformation is made available by the UE prior to configuration of carrier aggregation and measurements. This could be, for example, when the UE first attaches to the network.

Hybrid approach proposal 2 : The UE is provided with both candidate CA configuration(s) and candidate measurement configuration(s) so that has the possibility to optimise its preferred per CC gap configuration and whether it can measure the bands in parallel assuming per UE gaps
Hybrid approach 3 : The UE is provided with  a list of CA configurations of interest (eg the CA bands supported by the network) and a list of measurement configurations which are of interest.
To allow companies to evaluate the basic concept of the hybird approach it is summarised in table 1

	Step 1 : When the UE first attaches to the network (or at any rate before CA/measurement configuration) the eNB provides

· A list of CA bands of interest for per CC/parallel measurements capability exchange

· For each CA band of interest, the network provides a list of measurement bands 

Step 2

For each CA band of interest and each combination of measurment bands the UE provides
· Parallel measurement indication
· UE’s parallel measurement capability is indicated by a flag which is TRUE if all measurement bands can be measured in parallel assuming that common/per UE gaps are used
· For each CC, UE indication to NW includes all following information
· Indication on if gap is needed or not
· If yes, per-CC gap configuration is indicated
· If yes, optionally an indication of a preferred MGRP which may be longer than the per UE MGRP
· Indication on if NCSG is needed or not 
· If yes, per-CC gap configuration is indicated
· If yes, optionally an indication of a preferred VGRP which may be longer then the per UE MGRP
Step 3 : Once CA is configured and the eNB wants to start interfrequency measurements it uses the information from step 2 to select a suitable gap configuration. NW can either honor or override UE’s indication in step2 and indicate UE’s per CC gap configuration


· Table 1 : Example of the hybrid approach
4 References

[1] R4-1610691
WF on measurement gap enhancement Intel, Ericsson, Nokia, Huawei
[2] R2-169133, “LS on measurement gap enhancement for LTE”, RAN WG2

[3] R4-1700633. “Discussion about LS on measurement gap enhancement for LTE”, Ericsson

