3GPP TSG-RAN WG2 Meeting #96 
R2-167767
Reno, Nevada, USA 14-18 Nov 2016
Agenda item:
8.14
Source: 
Intel Corporation
Title: 
RF tuning time for SRS carrier switching 
Document for:
Discussion and Decision
1. Introduction
One LS from RAN1 regarding latest agreements on SRS carrier switching WI was sent to RAN2 [1]. Some of the RAN1 agreements as listed in the LS are duplicated below.

	· Switching-from CC for a PUSCH-less CC
· Option 1: rule(s) defined
· E.g., descending order of CC index, but a CC with higher index may be more tightly coupled with the PCell 
· Option 2: RRC configuration 
· Agreed on option 2.
Note:

· UE is not expected to switch to a deactivated CC.

· For dual connectivity case, only switching within a cell group (MCG or SCG).

· UE may report RF retuning time no longer than X us

· Option 1: X = 200

· Option 2: X = 300

· Option 3: X = 500

· Option 4: X = 900

Adopt Option 3

· For SRS
· Through RRC configuration, allow SRS transmissions on more than 2 UpPTS symbols in the same subframe for the same UE, for A-SRS and P-SRS
· On the same CC or multiple CCs
· Allow more than one SRS configurations for the subframe, for A-SRS and P-SRS
· Reuse existing SRS configurations (1 or 2 UpPTS symbols per SRS configuration)


As indicated above, RAN1 has agreed that the RF tuning time for SRS switching between CCs shall be no longer than 500µs. Based on this upper limit set by RAN1, RAN4 is currently analysing the interruption time requirement. Please refer to Annex or the companion RAN4 paper in [2] for brief overview of the RF tuning time requirements for SRS switching.
In this contribution, we discuss about RF tuning time reporting by the UE using RRC messaging as agreed by RAN1.
2. RF tuning time reporting

RAN1 agreed to report the RF tuning time to NW for better coordination on SRS switching, and some candidate values were provided in RAN1 LS [1], e.g. report values/index from {0, 30, 100, 200, 300, 500} µs associated with CC combination. RAN2 should capture the signalling part in RRC specifications. This reporting seems to be missing from the CR finalized during RAN2 email discussion [94#08] (see [3]).
Although determining the exact values of RF tuning time is in RAN4 domain, from the examples shown in the Annex, it is observed that how many subframes can be impacted during a SRS switching between LTE component carriers directly depends on the RF tuning time. In some cases, one way SRS carrier switching can impact up to two subframes. Considering tuning and tuning-back, the interruption can be even longer. A slight difference in the actual RF tuning time may result in less or more number of subframes being interrupted.

The candidate values in RAN1 LS cannot accurately reflect the RF tuning time, because the reported value is not an exact value, e.g. 500µs and 433.3µs (two values with one OFDM symbol difference) of actual RF tuning time may be reported as the same value (i.e. “500”) while the UE may actually be able to handle shorter interruption in one case vs other. This can result in overestimation of interrupted subframes (more subframes than those actually required to be interrupted for SRS carrier switching), resulting in resources wastage. So the candidate set in the RAN1 LS may not be enough. 
Observation 1: Candidate set of RF tuning time values included in RAN1 LS may not be enough to efficiently identify the subframes to be interrupted.

Observation 2: Overestimation of interrupted subframes (more subframes than those actually required to be interrupted) results in resources wastage.
Therefore, we propose to send an LS to RAN4 to reconfirm whether the values suggested in RAN1 LS are sufficient. 

Proposal 1: Send an LS to RAN4 and RAN1 asking to reconfirm whether the RF tuning time values in the candidate set in RAN1 LS are enough for eNB coordination.
Furthermore, the RF tuning time is based on per CC-pair. Given that a large number of such pairs may need to be reported, RAN2 should discuss on how to efficiently model such capability signalling without introducing too much overhead. 
Proposal 2: RAN2 to discuss on efficient signalling for RF tuning time UE reporting. Exact value range on RF tuning time is pending RAN4 and/or RAN1 confirmation.
3. Conclusions

In this contribution, we discussed about UE reporting of RF tuning time for SRS carrier switching. Based on the observations above and in the Annex, we propose:

Proposal 1: Send an LS to RAN4 and RAN1 asking to reconfirm whether the RF tuning time values in the candidate set in RAN1 LS are enough for eNB coordination.
Proposal 2: RAN2 to discuss on efficient signalling for RF tuning time UE reporting. Exact value range on RF tuning time is pending RAN4 and/or RAN1 confirmation.
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4. Annex: Discussion on interruption requirements

The SRS carrier switching can be implemented in both CA and DC scenarios as agreed in RAN1, so it is necessary to consider whether the RF tuning time will overlap with two adjacent subframes or not and eventually how many subframes in each serving CCs will be impacted. Since it is a minimum requirement for all UEs and all the TDD UL-DL configurations and special subframe configurations shall be supported in this feature, it is better to take some examples to see the possible worst cases.

Note: the timing difference between CCs are not reflected in all the figures, but will be taken into account for the final proposal.
Examples for SRS Tx on special subframe

Figure 1 is an example for SRS switching between CC1 (TDD UL/DL Config3) and CC2 (TDD UL/DL Config1), and UE is configured to transmit SRS on the last symbol of UpPts on CC2. If the implementation of UE is to reserve the whole UpPts, then the RF tuning time might overlap with DwPts and last part the DL SF #n on both CC1 and CC2, e.g. using TDD special subframe configuration 0 and RF tuning time of 500µs.   
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Figure 1. Example 1-A for SRS switching between different TDD carriers
Figure 2 is another similar example compared with example 1-A, where the implementation is UE transmit the SRS in the last symbol of UpPts and it completes the RF tuning (with power ramping up) immediately before this SRS symbol. 
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Figure 2. Example 1-B for SRS switching between different TDD carriers
In example 1-B, the RF tuning time (500 µs) might also overlap with DwPts and last part of DL SF #n  on both CC1 and CC2 assuming TDD special subframe configuration 0 is used. Based on the example 1-A and 1-B, we observe that in some cases, one way SRS carrier switching can impact up to two subframes.

Observation 1: In some cases, one way SRS carrier switching can impact up to two subframes.

Examples for SRS Tx on normal subframe
In figure 3, UE is configured to transmit SRS in UL SF #n+2 on CC2 and TDD UL/DL Config3 and TDD UL/DL Config0 is used for CC1 and CC2 respectively. Since uplink subframe transmission always takes place 
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 before the reception of corresponding downlink subframe, the RF tuning time might overlap with DL SF #n and DL SF #n+1 on CC1 if the implementation of UE is to reserve the whole uplink subframe of UL SF #n+2. The definition of 
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 in TS36.211 is as follows:

	Transmission of the uplink radio frame number 
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 from the UE shall start 
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 seconds before the start of the corresponding downlink radio frame at the UE, where 
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 if the UE is configured with a SCG and 
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 otherwise. For frame structure type 1 
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 and for frame structure type 2 
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 unless stated otherwise in [4]. Note that not all slots in a radio frame may be transmitted.


So the maximum value of  
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 for TDD case could be up to 21136Ts (688 µs) for the worst case here. That means if the (RF tuning time + NTA + NTA_offset) is greater than 1ms, up to two subframes will be impacted by RF tuning from UE perspective, otherwise only one subframe will be impacted. 
[image: image12.emf]DL SF #n DL SF #n+1 DL SF #n+2

SF  @ eNB

DL SF #n

 SF  @ UE

DL SF #n+1 DL SF #n+2

UL SF #n UL SF #n+1 UL SF #n+2

 SF @ eNB

UL SF #n SF @UE UL SF #n+1 UL SF #n+2

CC2 TDD UL/DL Config 0

Nta 

+Nta_offset

CC1 TDD UL/DL Config 3

Switching 

period

Nta 

+Nta_offset

Nta 

+Nta_offset

RF tunes from CC1 to CC2


Figure 3. Example 2-A for SRS switching between different TDD carriers
In figure 4, UE is configured to transmit SRS in UL SF #n+2 on CC2 and TDD UL/DL Config3 and TDD UL/DL Config0 is used for CC1 and CC2 respectively, and the implementation of UE is to transmit the SRS in the last symbol of UL SF #n+2 on CC2 and it completes the RF tuning (with power ramping up) immediately before this SRS symbol.
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Figure 4. Example 2-B for SRS switching between different TDD carriers
In example 2-B, if the (RF tuning time + NTA + NTA_offset + SRS symbol length) is greater than 1ms both DL SF #n+1 and DL SF #n+2 on CC1 will be impacted, otherwise only DL SF #n+2 will be impacted.

Based on the example 2-A and 2-B, we observe that in some cases, if (RF tuning time + NTA + NTA_offset) or (RF tuning time + NTA + NTA_offset + SRS symbol length) is greater than 1ms, the one way SRS carrier switching can impact up to two subframes.

Observation 2: In some cases, if (RF tuning time + NTA + NTA_offset) or (RF tuning time + NTA + NTA_offset + SRS symbol length) is greater than 1ms, the one way SRS carrier switching can impact up to two subframes.

Examples for TDD+FDD

In figure 5, UE is configured to transmit SRS on a TDD carrier other than CC2 (CC2 is a so-called switch-from TDD carrier) and CC1 is a FDD DL CC. If the SRS transmission was performed on the last symbol of UL SF #n on CC2 and UE starts RF tuning immediately after SRS symbol on CC2, the impact on FDD CC will depends on whether the RF tuning time is greater than (NTA+NTA_offset) or not. From figure 5, if RF tuning time is greater than (NTA+NTA_offset), both DL SF #n and DL SF #n+1 on CC1 will be impacted, otherwise only DL SF #n on CC2 will be impacted.
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Figure 5. Example 3 for SRS switching between different TDD carriers
Observation 3: In some cases, if RF tuning time is greater than (NTA + NTA_offset), the one way SRS carrier switching can impact up to two subframes.

Based on the analysis and examples in this section, the interruption to the CCs of UE during SRS carrier switching can be up to 2 subframes. Thus, considering tuning and tuning-back the interruption can be even longer.
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