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1 Introduction
In [1], RAN2 sent a liaison statement to RAN4 about capabilities for CA beyond 5 carriers. In this contribution we focus on measurement related capabilities for measuring without gaps. The following question is relevant, and other questions are addressed in a companion contribution.
	Measurement gap

The UE currently signals the need of measurement gap per band combination. The signalling includes array indicating need of gaps for each supported inter-band and inter-RAT frequency. When UE supports carrier aggregation for multiple carriers, it could be discussed if need for gaps can be implicitly derived.

Then it should be noted that for the requirement of measurement gap, currently the UE shall not require gaps to measure on the configured serving cells/carriers. It would be useful to understand that this is still valid in case of 32 serving cells/carriers.

Question 4: RAN2 would like to understand what level of flexibility would be needed for measurement gap capability with 32 carriers. RAN2 like to also confirm that the UE shall not require gaps to measure on any configured serving cells/carriers even in case of 32 carriers.




2 Discussion

As indicated in the liaison statement from RAN2, current signalling of UE capabilities to measure without gaps has a large overhead. For each supported CA band (including single carrier configurations) the UE inidicates for all bands and RATs whether it supports measurements without gaps. This means that 64+ bits are indicated for each supported CA band, and in the work in B5C it can be expected that in future a large number of CA bands will be supported by a given UE. In addition, the number of bands specified continues to grow, so in future such signalling may become very complicated. Thus RAN2 asks about the level of flexibility for UEs that support up to 32 carriers.

From a RAN4 perspective, we can make the following observations

Obersvation 1: The question is quite related to UE architecture and RF front end capabilities. Thus it is difficult to provide a definitive answer to RAN2

Observation 2 : To make interfrequency measurements on the same band as any serving frequency, it is rather likely that the UE will need to perform gap based measurements. For example, if there are serving frequencies (PCell or SCells) on band X, then the RF chain supporting band X is in use for serving cell reception and would need to be retuned or otherwise reconfigured to perform measurements on a different frequency on band X. In theory, UEs could have more than 1 RF chain that is capable of receiving band X, especially if they support non contiguous CA on band X, but to find scope for simplification of the signalling, it could be considered to always use gaps in these cases.
Observation 3 : It is unlikely that any UE will make gapless measurements and simultaneously receive serving cell(s) on a band combination which is not itself a supported CA band. Even though UE RF hardware may theoretically be able to support other combiations of bands than those for which it indicates CA support, in practice these combinations are unlikely to be extensively tested especially from an RF perspective. In addition, networks may be less likely to configure measurement objects which do not correspond to a supported CA band combination.

Observation 4 : Whether the UE is able to perform interRAT measurements on a CA-like band combination is primarily a baseband capability, ie whether WCDMA and LTE searcher can operate concurrently.

Observations 2-4 are not definitive since according to observation 1, the bands which UEs are able to measure without gaps will always depend on UE architecture and implementation. Nevertheless, if flexibility is reduced in the measurement without gaps capabilities for B5C bands, it is always possible to fall back to gap based measurement for combinations which might theoretically be possible, but the capability signalling does not allow the UE to indicate. 
Hence we belive observations 2-4 could from the basis for simplification of measurement without gaps capability signalling in B5C work. Naturally, it is up to RAN2 to design the details of the signalling, but a simplified set of capabilities could be
1. The UE indicates using a single bit, whether it is capable of performing measurements on any configurable (but currently unconfigured) SCell without gaps. 
2. Interfrequency measurements on band which has a serving cell on it are excluded, ie a UE configured with CA_X_Y and supporting this capability could perform interferequency measuerments on band Z without gaps but not on bands X or Y (because these are serving bands).
To illustrate the usage with 3 band CA, if a UE supports CA_X_Y_Z and all resulting fallback combination and sets this capability then it supports without gaps the following list :

· Serving cell band X, interfreq measurements on band Y and/or Z

· Serving cell band Y, interfreq measurements on band X and/or Z

· Serving cell band Z, interfreq measurements on band X and/or Y

· Serving cells on band X and Y, interfreq measurements on band Z

· Serving cells on band X and Z,  interfreq measurements on band Y

· Serving cells on band Y and Z, interfreq measurements on band X

In practice there seems to be less interest in UE which can perform WCDMA measurements without gaps using LTE CA RF, so for simplicity, interRAT WCDMA could be assumed to be measured in gaps for B5C CA combinations.

It should be mentioned that this approach (and indeed any approach to reduce the flexibility) is necessarily speculative, and likely to exclude some possible architectures which might be more capable. Nevertheless, if the goal is to simplify then some assumptions need to be made, and it should be kept in mind that gap based measurements are always an option. Based on this the following proposals could be made:

Proposal 1 : RAN4 view is that interfrequency measurements on the same bands as serving cells could always be assumed to be performed with gaps

Proposal 2 : RAN4 view is that UEs are unlikely to support measurements without gaps if the resulting measurement combination is something other than a CA band combination supported by the UE in question. Based on this, the UE could indicate using a single bit, whether it is capable of performing measurements on any configurable (but currently unconfigured) SCell without gaps for B5C combinations. 
Proposal 3 : RAN4 view is that interRAT WCDMA could be assumed to be measured in gaps for B5C CA combinations. 

The second part of the question asked by RAN2 is about whether configured carriers can be measured without gaps even in the case of 32 carriers. Since the carriers would be configured, this is more a question of baseband processing capability. Our view is that it is important to be able to configure gapless measurements on intrafrequency layers with a large number of carriers. The processing effort for cell search and measurement is relatively small compared to demodulation of these frequencies, and RAN4 should indicate that the UE is able to measure without gaps..
Proposal 4 : It is confirmed that the UE shall not require gaps to measure on any configured serving cells/carriers even in case of 32 carriers.
The necessary measurement performance would be a future discussion in RAN4 and the proposal does not imply one way or the other whether the existing eg 2, 3DL measurement delays are extended to B5C. However, if baseband processing of 32 carrier measurements is an issue, it should be noted that gaps do not in themselves solve any baseband processing issues and it is the scaling factors based on number of frequencies
3 Conclusions

In this contribution, we discuss measurement aspects of [1] and make 4 proposals to assist with a response to RAN2
Proposal 1 : RAN4 view is that interfrequency measurements on the same bands as serving cells could always be assumed to be performed with gaps

Proposal 2 : RAN4 view is that UEs are unlikely to support measurements without gaps if the resulting measurement combination is something other than a CA band combination supported by the UE in question. Based on this, the UE could indicate using a single bit, whether it is capable of performing measurements on any configurable (but currently unconfigured) SCell without gaps for B5C combinations. 
Proposal 3 : RAN4 view is that interRAT WCDMA could be assumed to be measured in gaps for B5C CA combinations. 

Proposal 4 : It is confirmed that the UE shall not require gaps to measure on any configured serving cells/carriers even in case of 32 carriers.
This approach (and indeed any approach to reduce the flexibility) is necessarily speculative, and will exclude some possible architectures which might be more capable. Nevertheless, if the goal is to simplify then some assumptions need to be made, and it should be kept in mind that gap based measurements are always an option.
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