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Introduction
This is the email discussion on [95bis#10][LTE/Meas Gap enh] Per CC gap configuration.
· [95bis#10][LTE/Meas Gap enh] Per CC gap configuration (Intel)

To discuss all the options indicated in the RAN4 LS and aim to reach a conclusion which approach to adopt.


Also to look at configuration signalling to be used to configure the gaps per CC


Intended outcome: Email discussion report to next meeting


Deadline: Tuesday 01/11/2016

1 Email Discussion
This email discussion intends to discuss the options for the per component carrier based configuration descripted below:
(1) Per component carrier (Per-CC) based configuration of gaps in carrier aggregation/dual connectivity, such that identical gap configuration is not required on all serving cells to make measurements under the assumption that the UE has multiple RF chains. RAN4 also discussed that it is possible for UEs with multiple RF chains to measure more than one measurement object. RAN4 discussed that the capability to do this depends on both baseband and RF architectures.

1.1 Options for per CC based configuration
There are 4 options considered in RAN4 LS: 
Option 1: UE signals capabilities for all supported CA combos when UE attaches to the network
· UE signals all possible capabilities (based on RF capability) for all supported CA combos regardless if the network supports only subset of it.
	Company
	Question/Comments

	Huawei
	We think this discussion actually needs to first address different scenarios first, otherwise it would be difficult to understand which option can cover all the cases, and also it seems that RAN4 has not yet concluded whether the eNB needs to know which serving cell(s) need gaps for a particular CA and measurement configuration. Therefore we feel a bit premature to justify all the options listed here. But anyway, we are not in favor of signal capabilities for all supported CA combos as this would be quite large.

	Qualcomm Incorporated
	This option seems almost infeasible. UE’s capability on per CC gap can vary depending on configured measurement frequencies. It is not clear how the UE is aware of “all possible capabilities”.

	Intel
	Agree with QC, this option is not feasible. The signaling overhead is too large.

	LG
	We think if we add only RF chain information in UECapabilityInformation, we can avoid overhead problem and reuse legacy signaling.

	Nokia Networks
	This is the baseline how UE capabilities work currently. For per CC based configuration this can become very complex e.g. UE would be required almost to tell whole RF structure to the NW. 

	Ericsson
	Option seems not feasible to assess. Mechanisms already exist to reduce the number of signaled band combinations.


Option 2: UE signals capabilities on demand (network advertises what it supports and UE replies with related capabilities)
· Network signals the supported frequency band to the UE. Then the UE reports what CA combination it can support among the configured band based on the RF capability. Finally, the network configures the measurement gap configuration to the UE.
	Company
	Question/Comments

	Huawei
	Same as the above, we think we’d better first list all the cases we need to address and then discuss the options.. In addition, if the number of frequency band configured to UE is not small, the CA combination might also be large. And another question is that if the network configure the measurement gap based on all the supported combination among these measurement gaps, it might finally result in falling back to the legacy configuration as more combination is considered, more limitation is added. So we are not sure whether this option is optimal.

	Qualcomm Incorporated
	Could the description of this option be clarified? If it is about how the UE signals UE capability on CA combination as written above, this option seems already available today.

	Intel
	To QC: the option based on CA combo is option 3. This option refers to the network first signals which frequency band it supports. Then the UE only reports the CA combination within the network supported frequency bands. 

In our opinion, this option is slightly better than option 1. However, it still involves the UE sends the RF structure to the network. 

	LG
	This option is needed more detail description. How does network signal which frequency band it supports? We think this option means that UE receive requestFrequencyBands included in UECapabilityEnquiry.

	Nokia Networks
	This seems to be what we nowadays i.e. NW can request UE to provide capabilities only for specific bands(requestedFrequencyBands).

	Ericsson
	Our understanding of this option is that it covers the legacy principle that network can request (based on requestedFrequencyBands etc) the UE to report a limited set of the band combinations supported by the UE. The network gets complete information of what the UE support. If this understanding of the option is correct, the option implies that e.g. signaling fields are introduced such that UE can indicate need for gaps for inter-frequency measurements per band in a band combination.


Option 3: UE signals capabilities based on configured CA combo (UE sends capabilities when configured with a certain CA combo)
· UE signals the capability combination based on configured CA combination. This will reduce the possible combination by large. However, it limits the combination only to the configured CA combination.
	Company
	Question/Comments

	Huawei
	Same as the above, we think we’d better first list all the cases we need to address and then discuss the options. We think this solution is simple and can be applied to the current configured CA combination, but also we agree that this adds to the limitation in the case that some new frequency band is required to be measured. Then the question becomes whether the configuration of CA combination would take place so frequently, the current CA combination is configured semi-statically and therefore it is worth further discussing whether the CA combination and measurement gap can be configured together.

	Qualcomm Incorporated
	Is “the capability combination” in the description the UE capability on per CC gap? It is not clear to us why it has to be “combination” of per CC gap capability. We do not think the UE capability for per CC gap can only be based on configured CA combination, but should also be based on measurement configuration.

	Intel
	CA band combination is increasing, so this option will also require large amount of signaling. Agree with QC that this option will be limited to CA combination. 

	LG
	Considering per-CC gap, we think that it is needed supported band, CA combination and RF chain information for network. It is not needed all of per CC gap for all of supported CA band combination. So option 3 can be feasible and avoid large amount of signaling problem.

	Nokia Networks
	This would be totally new style of capability signaling and requires humongous amount of work. We agree with Qualcomm that this approach needs to take also measurement object configuration into account. 

	Ericsson
	The description of this option is not clear to us. We assume this option intends to cover a solution where, after having been configured with a certain CA band configuration, UE responds with the need for gaps for inter-frequency measurements per configured component carrier. After this, network can configure the UE with measurement gaps. A drawback with this approach is the additional signaling procedures, and delay for getting measurements started each time a new CA   combination is configured. 


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. 
· After the network configures the measurement bands, the UE choose the best gap configuration based on its RF chain capability and send it to the network. The network can accept the configuration with an acknowledgement or refuse the configuration and send back an override configuration.
	Company
	Question/Comments

	Huawei
	Same as the above. It is a bit unclear in this solution based on which information, the NW would override UE’s decision or acknowledge UE’s decision, as in our understanding in this solution the NW has no specific information on UE’s RF chain capability.

	Qualcomm Incorporated
	We do not think the UE capability for per CC gap can only be based on measurement configuration, but should also be based on configured CA combination.
*prefer option after Intel clarified

	Intel 
	@QC, this option is the most flexible for the UE. The network configures the frequency required to measure and the UE determines the exact measurement gap and send it to the UE. This option has the least signaling involve.

	LG
	This option is feasible. However with this option, additional signaling is required in order to indicate UE’s choice. And when network need to refuse it, additional signaling is also occurred. So we think measurement gap configuration should be determined by network.

	Nokia Networks
	This seems to be unnecessary step. Option 3 covers this one without extra step. Same comment about configured measurements apply to this as given for Option 3.

	Ericsson
	In our understanding of this option, the network is not in full control of where UE applies the measurement gaps. Multiple signaling procedures are needed for the network to figure out what the UE supports in terms of measurement gaps. E.g. this options seems not feasible for a network that would like to choose between either optimizing on data throughput or optimizing on measurement performance. 

We also wonder what makes this method more flexible for UE than (our understanding of) Option 2.


1.2 Comparison
Question 1: Which option would be most beneficial from signalling perspective i.e. the least signalling size? 
	Company
	Option
	Comments 

	Huawei
	Option 1 is not favored
	What we definitely not preferred is Option 1 which would cause too large signaling, however for Option 2,3 and 4 we think we need more discussion to understand which cases we are covering and how dynamic we want for such configuration.

	Qualcomm Incorporated
	None of the options good enough
*prefer option 4 via email
	

	Intel
	Option 4
	This option has the least signaling and most flexible. 

	LG
	Option 1, 3
	Option 1 and 3 is available to reuse legacy signaling. And we can avoid large amount of signaling problem. Considering per-CC gap, it is needed supported band, CA combination and RF chain information for network. Supported band and CA combination already signal in UECapabilityInformation, so only RF chain information is required in addition.

	Nokia Networks
	None of the options is very good. Option 1 is best as it follows existing measurement capability handling
	Option 1 is how the capabilities are handled nowadays. To change that now is questionable if it can provide sufficient gains and if we can cover all the new error scenarios that can be brought up. Also any of the options would require close coordination with RAN4.

	Ericsson
	Option 2/3/4
	Option 2 adds on capability signaling size, Option ¾ adds on signaling procedures. Hard to say which is most beneficial from signaling perspective.


Question 2: Which option would be flexible from UE measurement point of view?
	Company
	Option
	Comments 

	Huawei
	Option 1 is not favored
	We agree that we need some kind of flexibility for UE measurement, however it is a bit unclear to us the granularity of such flexibility. If such flexibility is semi-static, we don’t think it requires quite dynamic mechanism. So we think we should first reach consensus on the flexibility granularity. 

	Qualcomm Incorporated
	None of the options flexible enough
*prefer option 4 via email
	

	Intel
	Option 4
	The UE signal the exact gap pattern need to the network so that it is the most optimal for the UE without requiring sending the whole RF structure to the network.

	LG
	Option 1
	UE signals all of RF chain information to network then NW can know and consider all of UE measurement capability. Option 1 is most flexible.

	Ericsson
	-
	As discussed above, we do not see any major difference between the options from UE measurement flexibility point of view. From NW point of view, Option 2 is most flexible.


Question 3: any other criteria?  
	Company
	Comments 

	
	


1.2 Summary of the email discussion
Option 1: Majority of the companies (5-1) think that it is very complex and will lead to large signaling overhead. Only one company think that it is ok to add RF chain information in the UE capability information. 

Option 2: Majority of the companies think that this option is already supported. 
This option has two alternatives. Let’s use an example of Network support band A,B,C,D,E,F,G
· Internative 1: UE reports CA comb: [A,B,C], [D,E,F] (currently support in LTE)

· Internative 2: UE reports per CC measurement configure: [A,B,C], [D,E,F], [A,B,D,G] (currently not support in LTE)
· Note that internative 1 is always a subset of alternative 2. 
Option 3: in this option, the UE reports per CC measurement based on the configured CA combination. As address by the example in option2, CA comb is always a subset of per CC measurement configure, therefore, this will not cover all possible measurement configuration. In fact, there is no reason for the UE to report what the network already knows. However, there is some support for this option further study.

Option 4: this option has some support for further study.

Due to diverse views on each option, we propose to down select to option 2 and 4 for further study.

Proposal 1: RAN2 to further discuss enhancement using option 2 or option 4 to support per CC measurement gap signaling.
Proposal 2: RAN2 to discuss if it is reasonable to consider option 3.
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