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1. Introduction
RAN4 discussed about UE’s UL transmit timing requirement in the meeting #62 and #62bis [1], [2].  It reaches the consensus that RAN4 intended to include all aspects of UE time adjustment quantization’s error in 36.133 since Rel-8; however whether the current specified requirement really included different aspects in practical UE implementations is an open issue, as a result, whether such requirement need further relaxation based on Rel-8 version or onward also remains undecided.
This contribution tries to give more information about the UE’s time adjustment quantization error model and to discuss about the system performance impact caused by Tq.

2. Discussion

UE’s quantization error model
In [4] the UE’s quantization error was reduced to 3 contributors, they are:
1. Baseband sampling quantization error ;

Its relevant value is as captured in Table 7.1.2-2 in 36.133.
2. Quantization error occurring across the interface between the BB chip and RF chip;
Its relevant value is 1.5*TS as specified in DigRF protocol, according to [4] 
3. Quantization error cause by RF chip uncertainties;
Its relevant value is 1*TS according to [4]
Basically we share the same view of the error model like [4]. However, regarding the interface between Baseband and RF we don’t think it always use Dig RF technology, instead some Parallel interfaces are popular facilitated, which are mostly integrated with RF chip. Since the quantization error at such RF chip is smaller than one clock cycle and the interface clock is dependent on system bandwidth, let’s take Bandwidth =10MHz as example, the quantization error is:
Quantization error < 1/ 30.72MHz ≈ 33ns (1*TS)
Where, 30.72MHz is the interface clock.
If we take Bandwidth = 1.44 MHz, the interface clock is 1.92MHz, so the Quantization error is smaller than 0.5us (about 15*Ts). The other quantization errors regarding other system bandwidth are in the range of [1*TS, 15*Ts].
Tq’s impact on eNB performance
The eNB always expects that all UE’s uplink signal reach it at all the same time, which however can not occur in fact. The UL timing error includes 3 aspects: 
1. TA quantization error; because the timing advance command is expressed in multiples of 16* TS such error is equal to half of 16* TS, whose max value is equal to 8* TS.
2. Transmission error (Te), whose max value is 24*TS (for BW = 1.4MHz) or 12*TS (for other BW) as defined in table 7.1.2-1 [3];
3. UE applying TA adjustment error, whose max value is 4*Ts as defined in 7.3.2.2 [3].
All these three contributors accumulate at BS side, while the BS doesn’t distinguish each of them. According above, the total max UL timing error is equal to 24*Ts (we still take Bandwidth =10MHz as example).  It means, if we adopt additional 1*TS relaxation to Tq, it will maximally introduce more 1/24≈ 4.1% multi-user interference to other UEs. Besides it was mentioned in [4] that such negative impact could also be cancelled out due to cyclic prefix; so we think it is within acceptable level. 
3. Conclusions
We think additional 1*TS relaxation to Tq requirement is within acceptable level. Since it comes down to Release-8, many UEs have already been sold out and network planning is based on current requirement, we suggest adding a note into table 7.1.2-2[3] showing that the requirement in table does not include the UE’s implement quantization error in RF. 
Proposal 1: More relaxation for Tq requirements is required from Rel-8 onward as current specification doesn’t include the error contributor caused by RF chip, such relaxation for BW=10MHz is expected to be 1*TS.
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