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1	Introduction
This document is the report of the following e-mail discussion. The intended outcome is a report and corresponding draft CR(s) to the November meeting. 
[bookmark: _Ref178064866][103bis#24][NR] SRS switching capability (Huawei)
    Discuss potential compromise solutions that could provide some useful information to the network but not at the granularity of per band pair per band combination
	Intended outcome: Report to next meeting
	Deadline:  Thursday 2018-11-01


2	Discussion
2.1	Background
During the RAN2#103bis meeting [1], SRS carrier switching capability is discussed and companies raised concerns on the capability size by using same way from LTE on indicating the switching time for every paired bands.
This paper is to discuss further how to use an optimised signalling to indicate different SRS switching capabilities.	
2.2	Discussion
2.2.1 Background and potential problems
In previous discussion, RAN2 asked RAN1 and RAN4 whether the UE capability for SRS carrier switching needs to be indicated. Both RAN1[R1-1809889] and RAN4[R4-1811534] provided feedback and asked RAN2 to capture this UE capability based upon different switching time for different bands, which means both WGs have strong need to keep this capability as a common understanding. Some companies raised the question whether we can always use the largest value, i.e. 900us for all the cases. However from RAN1/4 feedback this seems unacceptable and the reason behind is the performance impact. Unlike measurement gaps, which would only occur in a relatively longer periodicity for RRM measurement purposes, SRS carrier switching might be more frequently configured/triggered for CSI measurement/acquisition purposes, e.g. switch every 5 ms. If 900us is assumed for all switching, within such a 5 ms period, “switch to” operation would take 900 us and “switch back” would take another 900 us. This would seriously degrade the performance on the relevant carriers.
RAN2 therefore should not discuss again on the necessity to have this capability, but to discuss how to optimize the signalling overhead.
In LTE the SRS carrier switching capability is indicated for each pair of bands within each band combination, because the switching time from/to bands could be different due to RF implementation difference in the UE side. In addition, such capability would differ between UL and DL as well.
RetuningTimeInfo-r14 ::= SEQUENCE {
	retuningInfo				SEQUENCE {
		rf-RetuningTimeDL-r14			ENUMERATED {n0, n0dot5, n1, n1dot5, n2, n2dot5, n3,
													n3dot5, n4, n4dot5, n5, n5dot5, n6, n6dot5,
													n7, spare1}		OPTIONAL,
		rf-RetuningTimeUL-r14			ENUMERATED {n0, n0dot5, n1, n1dot5, n2, n2dot5, n3,
													n3dot5, n4, n4dot5, n5, n5dot5, n6, n6dot5,
													n7, spare1}		OPTIONAL
	}
}

BandParameters-v1430 ::= SEQUENCE {
	bandParametersDL-v1430			MIMO-CA-ParametersPerBoBC-v1430	OPTIONAL,
	ul-256QAM-r14						ENUMERATED {supported}		OPTIONAL,
	ul-256QAM-perCC-InfoList-r14		SEQUENCE (SIZE (2..maxServCell-r13)) OF UL-256QAM-perCC-Info-r14		OPTIONAL,
	retuningTimeInfoBandList-r14		SEQUENCE (SIZE (1..maxSimultaneousBands-r10)) OF 
			RetuningTimeInfo-r14	OPTIONAL
}

BandCombinationParameters-v1430 ::= SEQUENCE {
	bandParameterList-v1430			SEQUENCE (SIZE (1..maxSimultaneousBands-r10)) OF
			BandParameters-v1430		OPTIONAL,
	v2x-SupportedTxBandCombListPerBC-r14			BIT STRING (SIZE (1.. maxBandComb-r13))		OPTIONAL,
	v2x-SupportedRxBandCombListPerBC-r14			BIT STRING (SIZE (1.. maxBandComb-r13))		OPTIONAL
}

Although the above design in LTE can indicate the switching time between two bands for each band combination, this adds significant signalling overhead for UE capability reporting if the number of band combinations is large.  

However in some cases the above signalling might not accurate considering the real configuration and the RF chains design in the UE side, e.g.  the number of antenna ports .
Case 1: Considering the UE supports Band A + B and the UE has 2 RF, where Band B is configured with a PUSCH-less cell (this would happen if the CA band combination only supports DL aggregation but not support UL aggregation). 
· Case 1a: Band B is configured with one SRS antenna port.
In this case the switching time is 0 us when Band A uses only 1 RF of the 2 RFs.
· Case 1b: Band B is configured with two SRS antenna ports.
In this case, the switching time to one port could be 0 us, while the switching time to the other one might be e.g. 140us as the RF chain working for Band A has to be switched to Band B.

2.2.2 Potential optimized ways
In the above analysis, it seems that the SRS switching time is not only relevant to the specific bands, it is more dependent on the number of RF chains that the UE has. The real configuration on the carriers and antenna ports is also important for the switching time.
Therefore, to satisfy both RAN1/RAN4 requirements and to reduce the signalling overhead, the following options can be considered:
Option 1: the UE only reports the shortest SRS switching time for each band if the capability size cannot fit the reporting in original LTE way
In this case, the UE would only report the shortest SRS switching time for each band as the network would normally pick up the carrier which has shorter interruption instead of selecting another carrier which has longer interruption.
For instance, if the UE reported support of Band A + B + C, if the RF switched from Band A to Band C is 0 us, the RF switched from Band B to Band C is 140us, the UE only reports one value: 0us, Band A to Band C.
In this case, in addition to one value for intra-band switching time, each “switch to” band would only have one “switch from” band and one value for UL and DL respectively for the RF.
Therefore what the UE reports is under BandParameters like below, the rf-RetuningTimeinter-Band includes the shorted switching value and the associated band frequency indicator.
BandParameters ::=                      CHOICE {
    eutra                               SEQUENCE {
        bandEUTRA                           FreqBandIndicatorEUTRA,
        ca-BandwidthClassDL-EUTRA           CA-BandwidthClassEUTRA              OPTIONAL,
        ca-BandwidthClassUL-EUTRA           CA-BandwidthClassEUTRA              OPTIONAL
    },
    nr                                  SEQUENCE {
        bandNR                              FreqBandIndicatorNR,
        ca-BandwidthClassDL-NR              CA-BandwidthClassNR                 OPTIONAL,
        ca-BandwidthClassUL-NR              CA-BandwidthClassNR                 OPTIONAL,
        rf-RetuningTimeDLintra-Band			ENUMERATED {x1, x2, x3,…}		OPTIONAL,
        rf-RetuningTimeULintra-Band			ENUMERATED {x1, x2, x3,…}		OPTIONAL,
        rf-RetuningTimeDLinter-Band			rf-RetuningTimeinter-Band		OPTIONAL,
        rf-RetuningTimeULinter-Band			rf-RetuningTimeinter-Band		OPTIONAL
}
}


By the above design, the UE for each band combination would only report a limited number of this capability when the number of bands is large, if the IE is absent this means SRS carrier switching to this band is not supported. When the number of bands is small and comparable to LTE, the LTE way of reporting can be (re)used as is. This optimization provides the network the fundamental information, but also brings limitation on network implementation. If the network by some reason cannot select the “switch from” band, the network might not be able to do SRS carrier switching using this approach.
One way to extend this solution is to allow the UE reports top N shortest values, e.g. N is 2 or 3. Of course this would increase the size a bit, but this also provides more room for network configuration. The N can be configurable or pre-configured.
Option 2: group the bands which would share one RF chain together and report the SRS carrier switching capability per group basis if the capability size cannot fit the reporting in original LTE way
As we discussed above, the SRS carrier switching has tight relations with the RF chains. If the UE supports Band A+B+C+D and the UE has 2 RF chains, the UE can indicate as below:
Group 1: A, B
Group 2: C, D
For the SRS carrier switching between different groups, as the RF chain is not sharing, 0us can always be assumed by default unless there is an explicit indication.
For the SRS carrier switching within one group, one single value can be taken for inter-band UL and DL respectively.
Therefore under each band combination, we would have several groups of bands like below:
	Group 1:
· One single value for switching time for UL for intra-band case
· One single value for switching time for DL for intra-band case
· One single value for switching time for UL for inter-band case
· One single value for switching time for DL for intra-band case
Group 2
         …
Group 3 
         …



Considering in real implementation the number of RF chains from the UE side would not be too biglarge, the size of such grouping can be under control. Compared with Option 1, this approach seems more accurate to indicate the specific switching time. 
However this approach might still report some values which might not be used, e.g. if in the above example the network finally did not configure the carriers on any bands in group 1 as pusch-less carriers, such a comprehensive reporting is actually wasting the signalling. may not be absolutely necessary. In addition as pointed out in 2.2.1, if the “switch-to” carrier might configure more than one SRS antenna port, even the above reporting seems not complete.
Option 3: initial reporting of band pair RF retuning times independent of band combinations, and refined reporting depending on configured band combinations later
The LTE reporting of RF retuning times is for each band pair within each band combinations. That is, between Band A and Band B the UE may report 30 us retuning time for one band combination, but for the same band pair the UE may report 0 us retuning time for another band combination. However, for most band combinations, between the same band pair the same retuning time is expected, and this value can be reported as independent of band combinations during initial reporting. In other words, the initial reporting values are applied to the band pair for all band combinations, unless a later reporting refines this value for a particular band combination. 
This solution can also be used after network configuration to further reduce the reporting contents. The network might only configure one certain band combination to the UE and in this case the UE only needs to report different value for the paired bands within this band combination if any.
Option 4: simplified SRS carrier switching capability is reported before network configuration and the detailed capability is reported after the network initial configuration
As analyzed in 2.2.1, the actual switching capability is actually dependent on the actual configuration. If the SRS carrier switching capability is reported at initial stage using the above optimized solutions, the network can still configure a pusch-less carrier on a specific band.
After receiving the specific configurations from the network, the UE can understand which bands have “switch-to” carriers and can only report specific capabilities for this band. For example if the network configures 3 serving cell which is from Band A+B+C respectively, and the carrier on Band C is pusch-less, the UE only needs to report the switching time from A->C and B->C as well as intra-band switching for Band C.
As at this stage the antenna ports have also been configured, the UE can also take this into account at the same time.
The reported capability can be shown as below:
	· SRS AP0 on the switching to carrier for Band C 
· UL
{Band A to C, Band B to C, Band C to C}
· DL
{Band A to C, Band B to C, Band C to C }
· SRS AP1 on the switching to carrier for Band C
· UL
{Band A to C, Band B to C, Band C to C }
· DL
{Band A to C, Band B to C, Band C to C }



By doing so, the network can get very clear capability on SRS carrier switching for the specific bands with a simple bitmap in the order of the configured serving cell. The capability size would be small because the previous network configuration has already excluded some unnecessary reporting like a filter. On the other hand the accurate information can be reported to the network. The network can decide if additional detailed reporting is needed after RRC configuration based on initial reporting.
Option 5: A single interruption-duration value per FeatureSetUplink:
FeatureSetUplink ::=                SEQUENCE {
    featureSetListPerUplinkCC           SEQUENCE (SIZE (1.. maxNrofServingCells)) OF FeatureSetUplinkPerCC-Id,
    scalingFactor                       ENUMERATED {f0p4, f0p75, f0p8}              OPTIONAL,
    crossCarrierScheduling-OtherSCS     ENUMERATED {supported}                      OPTIONAL,
    intraBandFreqSeparationUL           FreqSeparationClass                         OPTIONAL,
    searchSpaceSharingCA-UL             ENUMERATED {supported}                      OPTIONAL,
    srs-TxSwitch                        SRS-TxSwitch                                OPTIONAL,
    supportedSRS-Resources              SRS-Resources                               OPTIONAL,
    twoPUCCH-Group                      ENUMERATED {supported}                      OPTIONAL,
    dynamicSwitchSUL                    ENUMERATED {supported}                      OPTIONAL,
    simultaneousTxSUL-NonSUL-v15xy      ENUMERATED {supported}                      OPTIONAL,
    pusch-DifferentTB-PerSlot           SEQUENCE {
        scs-15kHz                           ENUMERATED {upto2, upto4, upto7}        OPTIONAL,
        scs-30kHz                           ENUMERATED {upto2, upto4, upto7}        OPTIONAL,
        scs-60kHz                           ENUMERATED {upto2, upto4, upto7}        OPTIONAL,
        scs-120kHz                          ENUMERATED {upto2, upto4, upto7}        OPTIONAL
    }                                                                               OPTIONAL,
    csi-ReportFramework                 CSI-ReportFramework                         OPTIONAL
}

FeatureSetUplink-v15xy ::=         SEQUENCE {
    srs-OnPUSCH-LessSCell		      ENUMERATED {us0, us10, us20, ... us900}	OPTIONAL
}

	FeatureSetUplink field descriptions

	crossCarrierScheduling-OtherSCS
The UE shall set this field to the same value as crossCarrierScheduling-OtherSCS in the associated FeatureSetDownlink (if present).

	featureSetsPerUplinkCC
Indicates which features the UE supports on the individual carriers of the feature set (and hence of a band entry that refers to the feature set). The UE shall hence include as many FeatureSetUplinkPerCC-Id in this list as the number of carriers it supports according to the ca-BandwidthClassUL. The order of the elements in this list is not relevant, i.e., the network may configure any of the carriers in accordance with any of the FeatureSetUplinkPerCC-Id in this list.

	srs-OnPUSCH-LessSCell
If the field is present, the UE supports SRS transmission on any PUSCH-less serving cell of the band entry associated with this FeatureSetUplink. The enumerated value indicates the duration of the interruption that such a switch causes to all other configured serving cells in all bands [of the same frequency range (FR)] in UL and DL. The value us0 corresponds to 0µs (no interruption), the value us10 corresponds to 10 µs interruption, and so on. 



Any other options?
Question 1: Please companies provide views on the above options, and if companies have other alternatives please feel free to add under “Any other options”.
	Company
	Preferred Solution
	Comments

	Huawei
	Option 4
	To reduce the signaling overhead and to have accurate capability reporting, we assume at initial capability reporting either option 1 or option 3 can be used. After network configuration, the UE can have more information to report filtered capability.

	Intel
	Option ‘0’ (the LTE way of reporting)
	At the risk of not allowing the NW to do the switch if the switching time is large, option-1 would reduce the signaling, but this may not solve the requirements from RAN1/RAN4 LS. Option-4 is also worth thinking about, but the UE may have to report the detailed switching details at every reconfig where SCells are added/released. This might need more optimization ??

	Samsung
	Option 0
	We don’t think it is right time to optimize the signaling. Feasible way would be just to adopt LTE way and discuss further optimization in the future.

	Nokia, Nokia Shanghai Bell
	Option 0
	We should stick to the baseline signalling for now.

	Ericsson
	Option 5
	As explained in the email, we think that addition of the SRS-carrier-switching details to the band combination ruins the NR capability signaling since it enforces including all fallback band combinations and permutations of PUSCH SCell placement. 
If companies do not consider it sufficient to signal just a single interruption duration per UE, we could consider adding a value per target carrier in the FeatureSetUplink (see description of Option 5). 

Alternative we are also open to a solution with even leaner capability signaling (e.g. Option 4?) and the possibility to obtain more accurate information about the actual interruptions from the UE once the SRS carrier switching has been configured. But since we anyway need an indication whether or not the UE supports SRS transmission on a PUSCH-less carrier, gain of omitting the “duration” is not obvious.

	SoftBank
	Option 0
	We agree with Intel/Samsung/Nokia, further optimization should be discussed in later release.

	CMCC
	Option 0
	[bookmark: _GoBack]Accurate RF retuning capability reporting is important for both LTE and NR network. At this time, we would prefer to reuse LTE way.



Question 2: Whether the LTE way of reporting should still be kept?
In the above analysis, several optimized solutions have been discussed. However optimized solutions would somewhat lead to some cost, e.g. not accurate and add limitations for the network to select the suitable switch-from carriers. Therefore it seems worthwhile to keep the original LTE way to report the capability, and only when the capability size cannot fit such reporting, the optimized way is used.
	Company
	Yes/No
	Comments

	Huawei
	Yes
	We still think the original LTE way is good and if the only concern is the capability size, in case the size still fits into 9K bytes, there is no need to always use optimized solution and the original LTE way should still be allowed.

	Intel
	Yes
	We agree with Huawei on the LTE style of reporting.

	Samsung
	Yes
	

	Nokia, Nokia Shanghai Bell
	Yes
	

	Ericsson
	No
	As explained above, it would ruin the NR band combination signaling.

	SoftBank
	Yes
	

	CMCC
	Yes
	



3	Conclusion
7 companies joined the email discussion and 6 companies prefer to keep the original LTE way of reporting. Therefore it is proposed to reuse LTE way for SRS carrier switching. The corresponding CRs are provided in [3][4].
Proposal: reuse LTE way to report SRS carrier switching.
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