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1. Introduction
In the last RAN4 meeting (RAN4#62 Dresden), an LS was sent to RAN5 with the following input:
Our initial response to the action is that the core requirements in TS 36.133 [1] clause 7.1.2 for Tq are intended to include UE time adjustment quantisation, but RAN4 is currently reviewing whether Tq actually includes the different aspects of the timing update quantization error in practical UE implementations.
In addition, RAN4 provided a timeline for addressing issues arising out of UE implementation aspects. 
For information, RAN4 plans to address the requirements for Tq Maximum Autonomous Time Adjustment Step in the following timescale:
· RAN4 #62 bis – Jeju, Korea, 26 to 30-Mar-12: Interested UE vendors to make proposals for revised Tq values in TS 36.133 Table 7.1.2-2, other companies to check that system impact is not significant   
· RAN4 #63 – Prague, Czech Republic, 21 to 25-May-12: Agree TS 36.133 CRs for Rel-8 onwards 
LTE Release 8 UL timing requirements were finalized without taking into account some of the UE implementation aspects. Specifically, although it was intended for Tq in TS 36.133 Clause 7.1.2 to include margin for quantization error due to the BB-RF and RF interfaces, it turns out that the margin is non-existent. In this contribution, we provide a detailed discussion of the various aspects of quantization error and propose an update to Release 8 requirements. 
2. Transmit Timing Requirement
The current requirements for maximum adjustment step size in Table 7.1.2-2 of 36.133 do not include all of the contributors to quantization error.  
Many UE implementations consist of a baseband chip and a separate RF chip, and quantization error can accumulate from internal sources within both chips as well as across the interface between the chips.  One common set of industry standards is the MIPI DigRF set of standards, which provide specifications for high speed serial interfaces between baseband and RF chips.  The DigRF 3G standard supports a data throughput of 312Mbps, while the DigRF v4 standard supports up to a 2.912 Gbps serial transmission rate, and thus is applicable to LTE implementations.  The DigRF standards provide interfaces for both data and control.
To support power efficient implementations, the DigRF standards support Timing Accurate Strobes (TAS) to facilitate the activation of transmit or receive data only when required, such that no data transfers between RF and baseband chips are required during idle states.  To allow for packet switching and protocol latencies, the DigRF standards allow for the following uncertainties in processing TAS messages:
DigRF v4 v0.64:  16ns = 0.5*Ts
DigRF v4 v0.70, v1.00:  24ns = 0.75*Ts

Both the DigRF transmitter in the baseband chip and the DigRF receiver in the RF chip may have these uncertainties.  Furthermore, the RF chip may also incur additional uncertainties due to clock domain crossings, data rate conversions, analog delays, and other implemementation-specific constraints.  These accumulated uncertainties would have a random distribution, but would typically not depend significantly on the sampling rate associated with the selected LTE bandwidth.  There are 3 primary contributors to quantization error.
1. Effect of baseband sampling quantization: The timing updates are in steps of the native baseband sampling period (e.g, 2*Ts for 10 MHz, 16*Ts for 1.4 MHz) and the impact of this is already captured in the current requirements for Tq. However, the other contributors to quantization error listed below are not included in the current requirement.



2. DigRF protocol allowance: The MIPI DigRF v4 1.00 standard allows for an uncertainty of up to 24ns, or 0.75*Ts, to allow for variability in protocol message latencies for support of Timing Accurate Strobes.  This uncertainty applies to the DigRF interface on the baseband as well as the RF chip for a total of 48ns, or 1.5*Ts.

3. [bookmark: _GoBack]RF and Analog uncertainties:  In addition to the DigRF uncertainty, the RF chip may experience additional uncertainties due to clock domain crossings, data rate conversions, analog delays, and other implementation specific constraints. The worst-case RF chip uncertainties could be in the range 32-48 ns (or 1.0*Ts-1.5*Ts) but, we use 1*Ts as the typical value. 
The total quantization error across the full baseband and RF implementation would then be the sum of the maximum component uncertainties as shown in the table below.
Table 1: Contributors to quantization error other than the baseband sampling quantization
	Contributor
	Value

	DigRF protocol allowance
	1.5*TS

	RF and Analog uncertainties
	1.0*TS

	Total
	2.5*Ts



3. Proposed Change
Tthe following values are recommended for Tq by applying an additional 2.5*Ts margin.
Table 2 [TS 36. 133, Table 7.1.2-2]: Tq Maximum Autonomous Time Adjustment Step
	Downlink Bandwidth (MHz)
	Tq_

	1.4
	18.5*TS

	3
	10.5*TS

	5
	6.5*TS

	10
	4.5*TS

	Note: TS is the basic timing unit defined in TS 36.211



4. Impact on UE implementations that can meet current requirements
The proposal is not expected to have any impact on UE implementations that can meet current Rel-8 requirements on UL timing accuracy (i.e., the effect is similar to increasing RAN5 test tolerance).
5. Impact on UL system performance
The proposed margin increases the UL timing uncertainty at the eNB receiver by at most 2.5*Ts which is 1.8% of the normal cyclic prefix (CP) length (= 144*Ts). The impact on UL throughput and capacity is expected to be negligible.
6. Conclusions
LTE Release 8 UL timing requirements were finalized without taking into account some of the UE implementation aspects. In this contribution, we propose that RAN4 adopt a 2.5*Ts extra margin to Tq, maximum autonomous time adjustment step as shown in Table 2.
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