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Introduction
RAN4 have received an LS where RAN1 is asking about what switch times and synchronization is possible to achieve from an implementation point of view. 

In RAN4 we have seen a number of contributions [2-4] on the timing relation between the access link and the backhaul link, the up and downlink and the timing relations between the eNodeB and the RN. In this contribution we focus on the time it takes for the transmitter to switch from one state to another. The timing relations between links etc will have to be considered in other contributions or in RAN1. 
Switching Time
In our view the definition of switching time can be understood from figure 1.

[image: image1]
Figure 1. Illustration of three permutations of switch time.

The switch time is the time it takes to switch from one state to another for the radio in the UE or BS. The states are receiving, transmitting or off. For example the first time could be measured by making the radio first receive a subframe and then transmit a subframe. For both the transmitted and received subframe a specific quality measure should be met. For the received subframe this is typically the reference sensitivity requirement and for the transmitted frame the measure is EVM for example. The switch time can then be measured by reducing the switch time until the quality measurement cannot be met anymore. The “quality measure” for the off period is the output power.
We do not propose to change any requirements or introduce new ones, however it is useful to understand the concept above to be able to discuss the switching times.

In table 1 we list the current values used in the specifications:
Table 1: Switch times in various specifications

	
	UE 36.101
	LTE BS 36.104
	MRS BS 37.104

	TX – OFF 
	20 us
	17 us
	17 us

	OFF – TX 
	20 us
	17 us
	6.25 us

	RX – OFF 1
	0 us
	0 us
	0 us

	OFF – RX 1
	0 us
	0 us
	0 us

	TX – RX 2
	20 us
	17 us
	17 us

	RX – TX 2
	20 us
	17 us
	6.25 us

	1 The implicit assumption is that the radio immediately can receive at as long as the transmitter is in the off state.

2 Since the transmitter has turned off the switch time becomes the same as the ON-OFF switch times.


Although it may be premature to set a fixed value for the switching time for a relay node it is necessary that we inform RAN1 about the possible switching times that we can expect in a relay node. It should also be remembered that the shorter the switch time is the better, since that translates into more time margin that can be used for propagation delay and thus expand the range of cells.

Synchronisation

Relays can synchronize to both the downlink frame timing and to a network wide absolute timing reference.
Terminals are synchronized to the relative timing of the downlink using the timing from the initial access together with timing advance commands. The accuracy requirement for this type of synchronization is specified in TS 36.133 [5] in section 7.1. Using this method a UE is able to achieve an accuracy of 12*Ts or 24*Ts depending on the channel bandwidth. This corresponds to an accuracy of better than 1 us.

In the case of absolute timing requirements eNodeBs are capable of achieving an accuracy of 3 us for short distances. The time window then increase when eNodeBs are further apart. The requirement is in section 7.4 of TS 36.133 [5]. 
Proposal
We propose that RAN4 notifies RAN1 that a switching time of [17us] is feasible by sending a LS. In addition RAN1 should be informed about the various options for synchronization and their accuracy.
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