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1. Introduction
In the last RAN4 meeting the HD-FDD guard time aspect has been discussed in order to answer the LS received from RAN1 in [1]. Also a way forward in [2] has been approved in RAN4 in order to progress the work which we outline below for convenience:
· The factors accounted for HD-FDD guard period are provided in this WF.
· Rx-to-Tx guard period 
· (1) Round trip time ( up to maximum of 667us as the maximum E-UTRAN cell coverage 
· (2) OFF-to-ON switching time (including oscillator adjustment time ) ( [X]us
· Tx-to-Rx guard period 
· (1) ON-to-OFF switching time (including oscillator adjustment time ) ( [X]us
· Companies are encouraged to provide the analysis on X and the corresponding reply LS shall be finalized in next RAN4 meeting.
In this contribution we will discuss the switching time and propose some values to be considered for the RAN1 LS reply.
2. Discussion
First we have to state that at the UE level for HD-FDD it is required that no transmissions time shall overlap with the reception time, thus the need for a guard time.
For the FDD eNB there is no such Rx/Tx switching time. Thus only the UE Rx to/from Tx switching time will impact the final calculation.

The total guard time for DL-UL cycle Tg will be computed as follows:
Tg = RTT + Tue rx – tx + Tue tx – rx

Where 

· RTT is the round trip time already agreed as 667us, corresponding to the maximum E-UTRAN  cell coverage;

· Tue rx – tx is the UE switching time from Rx to Tx

· Tue tx – rx is the UE switching time from Tx to Rx

In order to quantify these UE specific values for the Tx to Rx switching time, first we need to look into some details of the transmission mask requirements. One of the issues is that UL subframes transitions from ON to OFF is not always falling inside the subframe border. This is the case of shorten PUCCH/PUSCH with SRS and no following transmission where 20us are allowed for ON/OFF PA transition. This is similar to the single UL transmission or general mask requirement.

Observation 1: For a shorten PUCCH/PUSCH with SRS or a generic PUCCH/PUSCH and no following subframe transmission, 20us are allowed for ON/OFF PA transition after the subframe.

In our opinion this case has to be accounted for in the Tg calculation for the Tue tx-rx value and of course the oscillator switching time. However with shorthen PUSCH/PUCCH and dropping the SRS this delay may disappear. But for the sake to completeness we prefer to keep it in the numerical analysis.
For the Rx / Tx switching time theoretically we need to account for the oscillator switching time when a single oscillator architecture is used for HD-FDD low cost UEs and some radio processing time. 

When two LOs are used there is no oscillator switching time since both UL and DL frequencies are already there and locked.
Thus we have 2 cases:

a) 2 LOs
b) 1 LO
Case a)

In the first case the switching time would be Tue tx-rx = 20us, respectively Tue rx-tx = 0. In reality the Rx-Tx switch requires some delay due to the radio activation timelines. 
For the total guard time for DL-UL cycle
Tg = 667us + 20us = 687us. 

If we round up to the next interger number of symbols, we end up with Tg = 714us.
It seems that for the Rx/Tx switch case a) a generic value of 40us as suggested by some companies in the last meeting would be appropriate covering enterily the radio activation timelines.
And the minimum switching time would be Tg = 40us.
Case b)

In the last meeting some companies suggested that the oscillator switching time will be in the order of 100us or more. 
Indeed the PLL settling time is a function of the PLL bandwidth, frequency jump and other factors like phase noise level that will affect ultimately the EVM performance. The PLL may settle in around 100 - 150us in warm state and around 200 -300us from sleep to active mode. The settling time depends on the synthesizer implementation trade offs. It is true that the PLL settling time can be optimized based on the number of supported bands and frequency jump (step) magnitude. Also some other smaller delays may be considered due to the radio Rx orTx path activation timelines for each particular case.
But let’s consider 100us as a generic value (for simplicity) for the following analysis (warm state frequency switching), meaning 2 LTE symbols duration if we round up to multiple of symbols.
Observation 2: The LO switching time to account for is driven by the frequency settling time which is in the order of hundreds of micro seconds.

Thus:
Tue rx – tx = LO settling time = 100us
Tue tx – rx = 20us + LO settling time = 120us
Tg = 667us + 100us +100us + 20us = 887us
For RTT = 0, very close to the eNB:
Tg = 220us

Observation 3: It can be seen that maxumumTg (the total guard time for a complete DL-UL transmissions) can go up to 13-14 symbols in duration for single LO case. 
We propose to analyse some consequences of these transitions delays below.

For RTT very low, when the UE is close to eNB, the UL to DL guard time is 120us and DL to UL is 100us in our example. Let’s analyse what can happen in this case illustrated in Fig. 1:
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Fig. 1 Very close to eNB
In SF1 the UE is scheduled with DL data, and then in SF2 is scheduled with UL data. At the end of the SF1 the UE is supposed to switch Rx for Tx frequency which will settle in 100us. Thus in order to start the transmission in SF2 UL at the right time, the UE will have to drop the last 2 symbols of DL SF1 in this case. However dropping 2 symbols may affect the DL performance and should be studied before taking a decision in this sense.
And then we can see that Tx-Rx transition overlaps with DL SF3 for 120us for Tx to Rx transition has to be accounted for(depending if SRS is scheduled in the UL or not). Also, for this case, even with shorten PUSCH/PUCCH transmissions we will have a transition Tx-Rx overlap with SF3. Thus only SF4 will be clear for DL reception.
Another option would be to have this UE architecture with a single LO signalled to eNB at the UE capability level and then eNB will know how to schedule the UE so this situation does not occur.
For RTT = 667us situation, the case for very large coverage cell having the UE at the cell edge, we may have for instance the following case illustrated in Fig. 2:
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Fig. 2 Cell edge case - RTT = 667us
If we have in UL SF3 a scheduled transmission, then UL SF3 will be advanced by 667us into DL SF2 time interval and with the transition from Rx-Tx of 100us, it can be seen that DL SF2 cannot be scheduled. Also, The UL SF3 ovelaps with DL SF3 beyond the end of DL SF2 and a required transition of possibly 120us that will allow for only DL SF4 full and clear subframe reception. However the transition time has no impact here since the overlap is there anyway.
Observation 4: There are 3 options to consider:

· Allowing the UE dropping 2-3 symbols at the end of the DL subframes followed by a scheduled UL transmission in order to keep the TA as of today for HD FDD UEs with 2 LOs. However this option requires further study in order to validate its feasibility and efficiency in terms of DL performance.

· Define the architecture for HD-FDD UE (1 PLL vs. 2PLL) at the UE capability level, so the eNB would know how to make scheduling restrictions so this situation will not occur (DL to UL adjacent subframes switching in low RTT case) which would be similar to large RTT cases scheduling situations.
· Agree on a lower value of the switching time (optimized PLL settling time) for single LO architecture that will not affect the current assumptions.

Proposal: We are suggesting outlining both cases in the LS reply to RAN1 in order to clarify the differences between these two architectures options (Single vs. Dual LO) in terms of Rx-Tx switching time.
3. Conclusion
In this contribution we discussed the oscillator switching time along with the guard time and suggested some values to be considered for the RAN1 LS reply. Also, we propose to outline both architectures related numbers and implications in the LS reply.
Observations:

Observation 1: For a shorten PUCCH/PUSCH with SRS or a generic PUCCH/PUSCH and no following subframe transmission, 20us are allowed for ON/OFF PA transition after the subframe.

Observation 2: The LO switching time to account for is driven by the frequency settling time which is in the order of hundreds of micro seconds.

Observation 3: It can be seen that maximum Tg (total guard time for a complete DL-UL cycle) can go up to 13-14 symbols for single LO case.

Observation 4: There are 3 options to consider:

· Allowing the UE dropping 2-3 symbols at the end of the DL subframes followed by a scheduled UL transmission in order to keep the TA as of today for HD FDD UEs with 2 LOs. However this option requires further study in order to validate its feasibility and efficiency in terms of DL performance.

· Define the architecture for HD-FDD UE (1 PLL vs. 2PLL) at the UE capability level, so the eNB would know how to make scheduling restrictions so this situation will not occur (DL to UL adjacent subframes switching).

· Agree on a lower value of the switching time (optimized PLL settling time) for single LO architecture that will not affect the current assumptions.
Proposals:
Proposal: Outline both cases in the LS reply to RAN1 in order to clarify the differences between these two architectures options (Single vs. Dual LO) in terms of Rx-Tx switching time.
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