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1
Introduction
RAN2 is receiving a LS (R4-126059) from RAN4 regarding multiple TA capabilities. In this paper we analyse that and propose a way forward how to capture multiple TA capabilities in Release 11.
2
Multiple-TA
One of the FFSes seems to be that if multiple-TA is optional for inter-band UL CA supporting UEs or not. When considering this one should already note that for intra-band UL CA supporting UE multiple TA feature is optional and thus capability signalling seems to be required.

Even for inter-band UL CA operations it may not be necessary to always have different TA for SCells e.g. in scenarios where SCell is very small and fixed TA could be utilized. Thus it seems that there are scenarios where one can have inter-band UL CA operation even without multiple TA operation.
Proposal: Allow inter-band UL CA supporting UE not to support multiple TA

RAN2 is receiving an LS from RAN4 regarding multiple TA capability handling and in the LS R4-126059. They describe two scenarios where RAN4 would like to include UE capability signalling:
2.1
Intra-Band multiple TA support

1). Inter-band CA including intra-band contiguous/ non-contiguous CA. For instance:

A) Inter-band CA combination of Band X and Band Y. Within Band Y, there are contiguous CCs.

B) Inter-band CA combination of Band X and Band Z. Within Band Z, there are non-contiguous CCs.

In addition to Multiple-TA support for the inter-band CA combination, support of Multiple-TA within the intra-band for each band has to be indicated since there would be a case that Multiple-TA is supported/not supported depending on whether CCs are contiguous or not for the intra-band scenario. It is the RAN4 agreement that support of Multiple-TA for intra-band contiguous/non-contiguous CA is band specific.

In order to support this use case one would need to add a capability indicating if UE supports multiple TAs within a band for two different cases. Unfortunately it is not very clear from the LS if there is need to separate the capability in RAN2 signaling for these two cases:

· Contiguous intra-band CA

· non-contiguous intra-band CA

To us it seems that for contiguous intra-band CA one would most likely implement the UE with single FFT using single transmitter chain (i.e. D/A-converter, mixer and filters), but for non-contiguous case that would be basically impossible as the single transmitter chain architecture would cause local oscillator to generate interference between the aggregated cells which would be exceeding allowed limits.  That is why RAN4 has agreed to reference TX architecture (double transmitter chain) as defined in 36.823 ch. 6.2.3.1:
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Because of this architecture multiple FFTs (separate ones for each aggregated non-contiguous band) and separate local oscillators (mixers) are used it should be possible to support multiple TA capability. It should be noted that NW knows from UE bandwidth class and band combination signalling whether UE supports non-contiguous carrier aggregation e.g. CA_1A_1A indicates non-contiguous intra-band carrier aggregation support  and e.g. CA_1C indicates contiguous CA support.  
Normally as we don’t indicate the UE implementation specific structures to the NW it would be better to just indicate whether UE can support multiple TA for contiguous and non-contiguous cases. NW does not need to know if UE is implemented by multiple FFTs to support this or if there are some other restrictions in the UE implementations (e.g. UE has not been able to be tested in intra-band multi-TA environment). 
One could indicate this capability for each supported band or each band combination configuration – As indicated earlier band combination support signalling indicates support for non-contiguous CA case so it seems better to include capability signalling for each band combination.

Proposal: For each intra-band band combinations UE should be able to indicate whether it supports multiple TAs or not.
As most UEs probably will be implemented with single FFT handling a band it seems that multiple TA support within a band will not be happening in many UE implementations and as such a scenario may not be very common even from operator perspective to have intra-band non-colocated transmissions, it seems viable to assume that not many UEs would need to indicate this intra-band multiple TA capability. Thus we would like to have the signalling of this written in such a way that omission of including this new list would mean that UE does not support multiple-TA within a band for any of the UE supported bands.

Observation: It would be quite logical if omission of new list of indications would mean that UE does not support multiple TA for any supported intra-band band combinations
But how this would be captured in the ASN.1 should be studied after we consider inter-band multiple TA support.

2.2
Inter-Band multiple TA support:

2). More than 3 inter-band CA band combinations:
The following 3 scenarios can be considered:

A) Multiple-TA is supported among all three bands, i.e., Band X is grouped into TAG1, BandY is grouped in to TAG2, and band Z is grouped in to TAG3. 

B) Multiple-TA is supported between the part of bands. The following sub-scenarios can be considered:

 

B-1)
Band X/ Y are grouped into TAG1 and Band Z is grouped in to TAG2. 

B-2)
Band X is grouped into TAG1 and Band Y/ Z are grouped in to TAG2.
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LS seems to indicate that e.g. for a band combination: CA_1B_5A_25B, the UE supports inter-band CA between band 1 and 5 and 25 (as an example, not a RAN4 defined combination). Thus for inter-band CA, it will need capability bit(s) whether Multiple TA is supported for the following possibilities: 

· TAG1(1, 5) + TAG2 (25); 

· TAG1(1) + TAG2(5, 25); 

· TAG1(1, 25) + TAG2(5); 

· TAG1(1) + TAG2(5) + TAG3(25).

Surely this kind of UE capability signaling would be very flexible and would not limit any UE implementation in any way. But probably it would be good consider what would be actually practical to do to avoid very complex UE capability signalling and possible unnecessary complexity in the eNB to handle UE capabilities for multiple TA.
UL inter-band CA UE will be implemented with separate FFTs (and also rest of RF chain) similarly to non-contiguous intra-band CA in order to handle different bands belonging to a band combination. Naturally there are bands that are consecutive in frequency and can be done with single FFT in theory, but we think that it would be almost impossible to build such a UE due to the fact that if we combine two bands (of different band numbers) there will be guard bands in between and thus it would be “non-contiguous” always. And as in such a situation we come to same problem as described earlier that local oscillator would generate interference between the aggregated cells which would be exceeding allowed limits similarly to non-contiguous intra-band CA case.
Because of this we would consider that motivation to have UE capability signalling for UL CA multiple TA support, is that not for all inter-band scenarios there will be need (or available at time of UE deployment) for non-colocated deployments. Thus there would be no demand from the deployments or even possibility to test that UE can support multiple TA for all supported CA combinations.

So it seems likely that if UE supports inter-band UL CA it could support multiple TA, but as the deployments schedules for all different band combinations is very difficult to predict it would be good to have capability to indicate whether for specific band combination UE supports multiple TA. 

Proposal: Introduce possibility to signal for each band combination whether it supports inter-band  multiple TA and there is no need to indicate if UE supports or does not support multiple TA between some different bands within the combination. Note if this is agreed one could potentially use same mechanisms to indicate intra-band multiple TA capability.
It seems possible that R11 UE will not support multiple TA for many different band combinations thus it could be useful to consider whether it is just sufficient to signal for the band combinations for which UE supports multiple TA to avoid unnecessary overhead. But in general at least we would have following options how to do the signalling:

1. Indicate for each band combination (intra and inter-band combinations) whether UE supports multiple TAs – assumed to be baseline due to simplicity 
2. Indicate Multi-TA capability only for those band combinations for which UE supports multiple TA

3. Indicate no support for Multi-TA capability only for those band combinations for which UE does not support multiple TA

As any of the alternatives would work there is not really any specific reason to go one or other way. And the decision should be made based on what all other kind of UE capabilities we will have in R11 and do the coding of ASN.1 jointly to achieve the best results. 

Below we have a TP how the option 1 could be implemented in the ASN.1:

	Text Proposal


UE-EUTRA-Capability information element
-- ASN1START

UE-EUTRA-Capability-v1060-IEs ::=
SEQUENCE {


fdd-Add-UE-EUTRA-Capabilities-v1060
UE-EUTRA-CapabilityAddXDD-Mode-v1060
OPTIONAL,


tdd-Add-UE-EUTRA-Capabilities-v1060
UE-EUTRA-CapabilityAddXDD-Mode-v1060
OPTIONAL,


rf-Parameters-v1060




RF-Parameters-v1060





OPTIONAL,


nonCriticalExtension



UE-EUTRA-Capability-v11xy-IEs







OPTIONAL

}

UE-EUTRA-Capability-v11xy-IEs ::=
SEQUENCE {


rf-Parameters-v11xy




RF-Parameters-v11xy





OPTIONAL,


nonCriticalExtension



SEQUENCE {}







OPTIONAL

}

RF-Parameters-v11xy ::=



SEQUENCE {


supportedBandCombinationMultiTA-r11


SupportedBandCombinationMultiTA-r11
}

SupportedBandCombination-r10 ::= SEQUENCE (SIZE (1..maxBandComb-r10)) OF BandCombinationParameters-r10 

SupportedBandCombinationExt-r10 ::= SEQUENCE (SIZE (1..maxBandComb-r10)) OF BandCombinationParametersExt-r10

SupportedBandCombinationMultiTA-r11 ::= SEQUENCE (SIZE (1..maxBandComb-r10)) OF BandCombinationParametersMultiTA-r11
BandCombinationParameters-r10 ::= SEQUENCE (SIZE (1..maxSimultaneousBands-r10)) OF BandParameters-r10

BandCombinationParametersExt-r10 ::= SEQUENCE {


supportedBandwidthCombinationSet-r10
SupportedBandwidthCombinationSet-r10
OPTIONAL

}

SupportedBandwidthCombinationSet-r10 ::=
BIT STRING (SIZE (1..maxBandwidthCombSet-r10))

BandCombinationParametersMultiTA-r11 ::= SEQUENCE {


multipleTA-supported 




ENUMERATED {supported}
OPTIONAL

}

-- ASN1STOP

	
	

	multipleTA-supported
Indicates whether the UE supports multiple timing advances for the band combination. If included, the UE shall include the same number of entries, and listed in the same order, as in BandCombinationParameters-r10.
	-

	
	

	tm9-With-8Tx-FDD
	No

	twoAntennaPortsForPUCCH
	No


6
Conclusion
In this paper we analyzed the LS from RAN4 about multiple TA capabilities and showed that it may not be necessary to have all the flexibility they are proposing due to performance requirements making some UE implementation structures inpractical. Thus we propose to adapt simpler UE capability signaling for multiple TA where UE indicates for each band combination (intra and inter-band) whether it supports (and is tested) for multiple TA feature.
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