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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN Plenary #71, the new WI of "SRS Carrier Based Switching for LTE" has been approved [1]. The main objective is as follows:
· [bookmark: OLE_LINK10]To support SRS switching to and between TDD component carrier(s), where the component carriers available for SRS transmission correspond to the component carriers available for carrier aggregation of PDSCH, while the UE has fewer component carriers available for carrier aggregation of PUSCH 
In this contribution, general operation of SRS carrier based switching will be discussed. Discussions on the specification impacts can be found in companion contributions [2][3][4].
Motivations for SRS carrier based switching
It is well known that DL beamforming based on UL SRS is beneficial for TDD carriers as channel reciprocity can be exploited to achieve better precoding than PMI based reporting feedback. It is then desirable to utilize UL SRS on possibly all aggregated TDD carriers for every UE for improved DL throughput performance. 
However, in current LTE systems, a UE is not allowed to transmit UL SRS on some TDD component carriers (CCs) if there is a DL-UL CC number disparity for the UE. 
· First, in LTE networks, there are many scenarios in which the downlink traffic is heavier than uplink traffic, which may lead to a larger number of aggregated downlink CC than the number of (aggregated) uplink CC(s). In other words, there may exist a DL-UL CC number disparity due to the disparity of DL-UL traffic loads. 
· Second, there exists a DL-UL CC number disparity due to the disparity of UE CA capabilities in DL and UL. For the existing UE categories, the typical CA-capable UEs only support no more than two uplink CCs for various practical considerations, whereas the UEs can aggregate more DL CCs. RAN4 standardization is only focused on at most two uplink CCs; see below table for some example CA configurations. Without RAN4 standard available, UEs capable of three or more UL CCs will practically not exist at least in the near future. 
Table 1 Examples of RAN4 WIDs for CA configuration
	WID No.
	CA Configuration
	Category
	BW Class
	TDD/FDD
	Region
	REL

	RP-151159
	CA_B1_B3_B19_B42_B42
	5DL/1UL
	　
	TDD+FDD
	Japan
	R13

	RP-151160
	CA_B1_B19_B21_B42_B42
	5DL/1UL
	　
	TDD+FDD
	Japan
	R13

	RP-151512
	CA_B1_B3_B7_B7_B28
	5DL/1UL
	　
	FDD
	Australia
	R13

	RP-131244
	CA_41D
	3DL/2UL
	D
	TDD
	USA
	R12

	RP-140453
	CA_40D
	3DL/2UL
	D
	TDD
	China
	R12

	RP-140950
	CA_40D (+BW)
	3DL/2UL
	D
	TDD
	EU
	R13

	RP-151513
	CA_B3_B3_B7_B7_B28
	5DL/1UL
	　
	FDD
	Australia
	R13



· The DL-UL CC number disparity can become even more significant with Rel-13 eCA which standardized up to 32 DL CCs per UE. Consequently, there could be situations where most of the UE's DL CCs cannot benefit from channel reciprocity.
Allowing fast carrier switching to and between TDD carriers can be a method to enable SRS transmission on possibly all TDD carriers aggregated by a UE, without the need to significantly increase UE UL CA capability. This is the main objective of the WI.
Scenario consideration
In CA, a UE may be capable of transmitting PUSCH, SRS, RACH, and DMRS on 1 UL CC, 2 UL CCs, or even more UL CCs (unavailable as of now). One of the UL CCs is configured as PCell for the UE on which the UE transmits PUCCH, and the other UL CCs, if any, are configured as SCells on which PUCCH may or may not be supported. The UL PCell and UL SCells may be in the same band or in different bands, and they may be FDD, TDD, or FDD+TDD, and they may be in the same timing advance group (TAG) or different TAGs. The UE may be configured with more SCells with only DL, and they may be in the same band or in several bands operating in FDD, TDD, or FDD+TDD. Except for the case with only FDD CCs, all of these scenarios may be considered for SRS carrier based switching. Below table shows some examples.
Table 2 Some examples of scenarios
	
	UL PCell
	UL SCell
	TDD DL SCell 1
	TDD DL SCell 2
	TDD DL SCell 3

	Scenario 1, TDD intra-band
	TDD, band x
	none
	band x
	band x
	band x

	Scenario 2, TDD intra-band
	TDD, band x
	TDD, band x
	band x
	band x
	band x

	Scenario 3, TDD inter-band
	TDD, band x
	TDD, band y
	band x
	band y
	band z

	Scenario 4, TDD inter-band
	TDD, band x
	TDD, band x
	band x
	band y
	band z

	Scenario 5, F+T
	FDD, band x
	none
	band y
	band y
	band z

	Scenario 6, F+T
	FDD, band x
	FDD, band x
	band y
	band y
	band z

	Scenario 7, F+T
	FDD, band x
	TDD, band y
	band y
	band y
	band z

	Scenario 8, F+T
	TDD, band x
	FDD, band y
	band x
	band z
	band z



Proposal 1: All scenarios having a TDD DL SCell without UL on that carrier should be considered.
It should be noted that although current RAN4 requirements (such as band combinations) do not support some CA configuration scenarios, RAN1 design may not be limited to currently supported scenarios. Nevertheless, the network needs to ensure that when operating with SRS carrier based switching, the operations shall comply with RAN4 requirements.
General operation procedure of SRS carrier based switching
To enable fast carrier switching to and between TDD CCs, the network needs to first configure a UE with SRS on possibly all TDD CCs, even if the UE UL CA capability is much less. Then the UE can switch to and between those carriers and transmit SRS. The switching may be according to the network configuration or network indication.  For example, the network may configure a UE to suspend its transmission on CC1 (TDD or FDD), switch to TDD CC2, transmit SRS on CC2 on the indicated time/frequency resources by an indicated antenna port with specified timing advance and power. The UE may then switch back to CC1. The switching may be alternatively triggered by dynamic signalling. Some descriptions will be provided below, and more details of some relevant aspects can be found in [2][3][4].

General operation principles and requirements
In this section, some general operation principles and requirements are discussed. To facilitate the discussion, they are categorized into three levels: 
· The carrier level, concerned with the carrier-level configurations for SRS and switching from one carrier to another, etc.; 
· The subframe level, concerned with on which subframe the SRS switching and transmission should be performed and the relation with other transmissions on that subframe, etc., and
· The symbol level, concerned with SRS switching symbols and transmission symbols, etc. 
See below figure for an illustration, and following subsections for more details.
[image: ]
Figure 1 Illustration of SRS switching showing carrier level, subframe level, and symbol level 			(D/S/U represent downlink/special/uplink subframes, resp.)
Carrier-level general operation principles and requirements
There are several considerations for carrier-level general operation principles and requirements. To allow a UE to transmit SRS on possibly all TDD CCs over time, it is necessary to configure SRS on possibly all the TDD CCs, even if the UE does not support UL CA on all the TDD CCs. Therefore, the number of carriers configured for SRS transmission may exceed the number of carriers dictated by the UE UL CA capability. However, the UE shall not assume it needs to perform simultaneous UL transmissions on more CCs than its UL CA capability (see Sec. 5.2 for more details). On the CCs configured with SRS transmission, all necessary parameters, such as power control, timing advance, bandwidth, etc., need to be specified, and some enhancements may be needed (see [2]).
Proposal 2: Allow the number of TDD CCs configured for SRS transmission to exceed that associated with the UE UL CA capability.
To support SRS carrier based switching, the switching-from carrier and switching-to carrier may need to be indicated. In some cases, the indication may be explicit such as indicating a switching from CC1 to CC2 in certain signalling, but in other cases, the indication may be implicit such as when the UE has only 1 CC supporting PUCCH/PUSCH. Furthermore, the explicit indication may be via RRC configuration signalling or via physical layer trigger, and the resulting switching and SRS transmission may be periodic or aperiodic.
Proposal 3: Indicate the switching-from carrier and switching-to carrier for a switching.
The switching from a CC that can support PUCCH/PUSCH causes an interruption to the UL transmission on that CC. While allowing sufficient opportunity for SRS switching, the design should strive for reduced negative impacts (such as reduced interruption durations or reduced interruption times) on other UL transmissions, especially for important UL transmissions such as PUCCH and PCell transmission.
Proposal 4: Strive for reduced negative impacts on other UL transmissions, especially PUCCH and PCell transmissions.
[bookmark: _Ref447120166]Subframe-level general operation principles and requirements
There are several considerations for subframe-level general operation principles and requirements. 
The SRS has to be transmitted on a UL transmission opportunity (TXOP) indicated by the network, e.g., a UL subframe or the UL portion of a special subframe. Unless any other TXOP is introduced and signalled by the network, the SRS switching has to be consistent with the TDD UL-DL configurations on the switching-to TDD carriers. For example, for periodic SRS switching, the eNB shall ensure that no SRS transmission is configured on a DL subframe of a switching-to CC. For aperiodic SRS switching, the network shall not trigger a SRS transmission on a subframe that will be a DL subframe of a switching-to CC.
Proposal 5: Ensure a SRS transmission to be indicated only for a signalled UL transmission opportunity.
With more TDD CCs configured for SRS than the UE UL CA capability, the UE behavior should be clearly defined. The UE shall not assume it needs to perform simultaneous UL transmissions on more CCs than its UL CA capability. For example, if a TDD SCell is indicated by the network for an aperiodic SRS transmission on a subframe, the UE shall interpret that UL transmissions on other SCells beyond its UL CA capability are dropped or not to be scheduled (or based on other rules regarding priorities of the transmissions). If there is a collision between a periodic SRS transmission and another UL transmission (e.g., PUSCH/PUCCH transmission on another CC), then the SRS transmission may be dropped on that subframe.
Proposal 6: Define collision handling mechanisms for SRS switching.
Moreover, for better sounding performance, interference between SRS transmissions and other UL or DL transmissions needs to be better coordinated. This may also impose restrictions on an eNB's TDD UL-DL configurations for different carriers and even neighboring eNBs' TDD UL-DL configurations. As a baseline, the case with fixed TDD UL-DL configurations for different carriers and neighboring eNBs should be prioritized.
Symbol-level general operation principles and requirements
Within a switching subframe, switching times (see [3]) and guard times need to be reserved, possibly before and after the switching operations. This may change the subframe structures for both the carrier it switches from and the carrier it switches to. For example, to prevent the switching from affecting the next subframe of a TDD carrier, the UE may switch to another TDD carrier in the middle of a subframe, transmit SRS on the other carrier, and switch back to the carrier some time before the ending of this subframe. Due to possible timing differences among the carriers (especially if they are on different bands), the switching back should occur early enough during that subframe to avoid any potential impact on the next subframe. Therefore, it may not be possible to put SRS on only the last (or even the second to last) SC-FDMA symbol of the switching subframe. The current standards allow SRS transmission in the last 6 symbol of a special subframe, but only the last one symbol of a UL subframe which is desired to be enhanced.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 7: SRS symbol position design should take into consideration of switching times and guard times and avoid impact on the next subframe.
Conclusion
In this contribution, general operation of SRS carrier based switching has been discussed. The following are proposed:
Proposal 1: All scenarios having a TDD DL SCell without UL on that carrier should be considered.
Proposal 2: Allow the number of TDD CCs configured for SRS transmission to exceed that associated with the UE UL CA capability.
Proposal 3: Indicate the switching-from carrier and switching-to carrier for a switching.
Proposal 4: Strive for reduced negative impacts on other UL transmissions, especially PUCCH and PCell transmissions.
Proposal 5: Ensure a SRS transmission to be indicated only for a signalled UL transmission opportunity.
Proposal 6: Define collision handling mechanisms for SRS switching.
Proposal 7: SRS symbol position design should take into consideration of switching times and guard times and avoid impact on the next subframe.
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