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1 Introduction

The concept of SRS (Sounding Reference Symbol) switching can be started in RAN2 as described in the WID [1]. RAN1 has sent an LS [2] providing agreements so far. In this paper we describe the area from a RAN2 perspective. We think RAN2 should focus on the impact from the interruption time and RRC signalling.

2 Discussion
The concept of SRS switching can be briefly described in a situation where a UE is configured with more DL carriers than UL carriers, e.g. 5DL/2UL. In a TDD scenario, by exploiting channel reciprocity, the eNB can learn the channel conditions of the 3 DLs not having a directly associated UL if the UE transmits SRS on those ULs. The goal of this work is to enable the UE to make transmissions of SRS on UL carriers for which there are no current UL transmissions. The UE will switch between carriers and perform SRS transmissions.

In this contribution we will discuss the impact of interruptions due to SRS switching. An SRS transmission is done in 1 symbol. Adding to this is the RF retuning time before and after the SRS transmission. An LS from RAN4 to RAN1 [3] indicates that RF retuning time is between 30 and 900 us. It is of interest to the eNB to learn the interruption time for the UE in order to minimize the impact, however, there are certain properties of TDD configurations and the location of the SRS switching symbol that can be explored which reduces the granularity of the interruption time.
2.1 SRS switching symbol locations

The location of the SRS switching symbol is always in the last symbol of the subframe except in the special subframe.
2.1.1 Special subframes
For TDD carriers, the special subframe UpPTS part allows to send SRS. Up to 4 symbols can be allocated to SRS as detailed in 36.213 section 8.2, and 36.211 section 4.1. Depending on the special subframe configuration (table 4.2.1 in 36.211), a smaller or larger guard time can be exploited to manage the interruption time due to switching. This is shown in Figure 1. 
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Figure 1 – The special subframe configurations and the additional UL symbols.
The maximum interruption time that can be handled by the special subframe without losses to the UL is 5 symbols “one-way” RF retuning. That is to say, the SRS switching operation, and hence the length of the interruption, would take 11 symbols, which can be handled with the special subframe formats 1 or 5 as shown in figure 2.
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Figure 2 – Example of how to fit the SRS transmission and retuning in the special subframe.
2.1.2 Last symbol in the subframe

SRS carrier based switching is also beneficial for systems not using TDD exclusively. Therefore, it was decided to not only support SRS switching in the special subframe but also for the legacy position of SRS. For FDD-TDD carrier aggregation as well as TDD-TDD carrier aggregation, the last symbol in the subframe can be used to transmit SRS. In that case, the SRS subframe as well as the following subframe may be affected by the interruption time, as shown in Figure 3. It is therefore desirable to design solution to minimize impact for these cases.
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Figure 3 – The sending SRS in the last symbol impacts the surrounding subframes.
2.2 UE interruption classes
The most obvious use of a classification of UEs by interruption time is to have a different solution for handling interruption in each class and optimize that solution to minimize lost transmission opportunities. As was shown in figure 2, if the RF retuning can be done in at most 5 symbols, then the complete interruption can be performed in one special subframe. This is the least interruptive case and can be seen as class 1. As we increase the RF retuning time, we reach the next "boundary" at six symbols. In Figure 3 we see that if the retuning can be kept at 6 symbols, then at most one slot in two subsequent subframes are interrupted. With a suitable slot format it means transmissions in both subframes can take place. When the RF retuning time exceeds seven symbols, two subsequent subframes are impacted. This is class 3. If the RF retuning is more than one subframe, even more subframes will be impacted and this is class 4.

-
Class 1: under 350 us interruption (RF retuning under 5 symbols)

-
Class 2: under 500 us interruption (RF retuning under a slot)

-
Class 3: under 1000 us interruption (RF retuning under a subframe)

-
Class 4: over 1000 us interruption (RF retuning over a subframe)

Each class can then be associated with rules for SRS transmission in the special subframe. RAN2 can also use these classes to assess the impact of each class on RAN2 protocols.

Proposal 1 RAN2 to use the UE interruption classes to assess the impact on RAN2 protocols.

2.2.1 Initial impact analysis
We think the impact on RAN2 protocols from UEs belonging to classes 1 and 2 is limited. 

For UEs of class 1, the eNB may configure the transmission of SRS in the special subframe and use the preceding guard period for RF retuning (as shown in figure 2), thus limiting the impact. The impact on Layer 2 should be very limited, and RAN1 can assess the impact on Layer 1.

Observation 1 The initial analysis shows that there is limited impact on RAN2 protocols from UEs of class 1.
For UEs of class 2, the SRS switching will impact two slots, before and after the SRS transmission, as shown in figure 3. The second slot in the first subframe is lost together with the first slot in the subsequent subframe. 
The introduction of new slot formats for PUSCH and PUCCH can address this problem. This means that transmissions in those subframes would take place and there would be no impact on RAN2 protocols (e.g. no need of suspending HARQ processes). 
Observation 2 The initial analysis shows that there is limited impact on RAN2 protocols from UEs of class 2.
For UEs of class 3, the interruption will result in 1 or 2 lost subframes. As no transmission can occur in these subframes there is an impact, but on the other hand only one or two subframes are lost and if the SRS transmissions are not occurring too often it should not have a big impact on performance. The gain of implementing complex HARQ transmission designs to assume ACK for a transmission (similar to measurement gap) for one subframe does not appear to be very big to us. We therefore think the impact of these UEs should also be limited.

Observation 3 The initial analysis shows that there is limited impact on RAN2 protocols from UEs of class 3.
Only for UEs of class 4 would there be a need to study the impact more closely on RAN2 protocols. There are procedures in MAC for how to handle measurement gaps which are 6 ms long. If the SRS interruption for UEs of this class starts reaching that length, then some behavior similar to measurement gaps could be implemented. However, such long interruptions are not likely. The LS from RAN4 [3] indicates that the that any values for RF switching time "equal to or larger than 1ms are not considered because it may negate the potential gains of enabling SRS switching in the first place".
Proposal 2 The impact on RAN2 protocols of UEs of class 4 should be further investigated.
3 RRC signalling
The work item is supposed to conclude Q1 2017, which is close to the ASN.1 freeze. We expect there to be a set of layer-1 parameters which must be signalled to the UE, e.g., how to switch between the carriers, SRS-specific parameters. We assume RAN1 will provide a list of parameters to include, so there is no point in spending time on that. However, there could be other parts (e.g. UE capability signalling (the interruption classes), optionality, use of lists, setup/revoke) which should be started now. We think an early start will save us time in the end when RAN1 provides their parameters.

Proposal 3 Start a running CR for RRC.

4 Conclusion

In section 2 we made the following observations:
Observation 1
The initial analysis shows that there is limited impact on RAN2 protocols from UEs of class 1.
Observation 2
The initial analysis shows that there is limited impact on RAN2 protocols from UEs of class 2.
Observation 3
The initial analysis shows that there is limited impact on RAN2 protocols from UEs of class 3.


Based on the discussion in section 2 we propose the following:
Proposal 1
RAN2 to use the UE interruption classes to assess the impact on RAN2 protocols.
Proposal 2
The impact on RAN2 protocols of UEs of class 4 should be further investigated.
Proposal 3
Start a running CR for RRC.
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