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1. Introduction
In reference [1] we presented a discussion document to introduce a maximum timing advance for TDD LTE UEs as a function of known parameters such as special subframe configuration and uplink/downlink cyclic prefix lengths. In this contribution we extend this discussion to describe the error mechanisms which lead to a misalignment in timing advance between the eNodeB and the UE and discuss the impact this may have on system performance.
At present in the specifications there is only an allowance for a maximum timing advance in both FDD and TDD model for a cell size of 100km and normal CP length in both downlink and uplink, see [2].
In TDD systems, a guard period is allocated in the special subframe to allow for the round trip delay. Different special subframe configurations support different guard period lengths and hence provide support for different cell sizes. On acquisition of the serving cell, in the RACH procedure the eNodeB sends an absolute timing advance command to the UE as part of the Random Access Response (RAR) message, at  which point the both the UE and eNodeB are time synchronised with each other. Beyond this point relative timing advance commands are sent from the eNodeB to the UE to track further timing changes using Timing Advance MAC Control Elements (CE).
An eNodeB implementation could in principle keep track of the UE’s current timing advance as the sum of the initial absolute and subsequent relative timing commands. The sources of inaccuracies of this mechanism and the related consequences are discussed in more detail within the document. 

2. UE Timing Advance Estimation by the eNodeB – Sources of Misalignment
MAC Control Element transmission is protected to some degree by the HARQ protocol, but its delivery is not 100% guaranteed, unlike those MAC SDUs further protected by RLC when configured in Acknowledged Mode. 

Because of the limited protection provided by the HARQ protocol, the eNodeB is not in a position to determine with certainty the timing advance value being applied by a UE. A detailed breakdown of all possible sources of error is performed within the remainder or this section.
Whilst it is acknowledged that the individual probabilities of these different error sources are expected to be low on average, they will obviously increase in cell-edge conditions where large timing advance values are required.  Moreover, these independent error sources will lead to an accumulation of the eNodeB timing advance estimation errors which will increase until a RAR is received by the UE.  Finally, it should be noted that these error conditions can be the result of poor link quality in either the uplink or the downlink.
It is also worth noting there is no explicit requirement on the 3GPP specifications for an eNodeB to implement UE Timing Advance estimation. Some existing network equipment may not have implemented this scheme.
2.1 UE sends a NACK which is received as ACK by the eNodeB
If the eNodeB sends a Timing Advance MAC CE to the UE which cannot be decoded the UE will send a NACK response. There is a finite probability that the eNodeB will decode this as an ACK. In this case the eNodeB will erroneously assume that the UE has correctly received and applied the Timing Advance adjustment.
In the above it is assumed that misses of TA MAC CE would be sporadic enough not to be caught by the MAC timing advance timer. This is because a fraction of the TA MAC CEs are still being successfully decoded, and on each successful decode this timer will get reset. 

There is no performance requirement on the eNodeB in [4].

2.2 ACK not received by eNodeB for successfully decoded last downlink (re-)transmission
Although there is no defined maximum number of re-transmissions of HARQ processes on the downlink, in practical terms all MAC entities within the eNodeB will attempt a finite number of re-transmissions. A MAC PDU carrying a Timing Advance MAC CE will be re-transmitted multiple times if the UE sends a NACK command after each re-transmission.  If on the last re-transmission the UE successfully decodes a MAC PDU carrying a Timing Advance CE, it will send an ACK and the UE will apply the timing adjustment accordingly. However, if the ACK is either received as a NACK or not detected by the eNodeB, the timing advance will become misaligned. Reference [4] specifies an ACK miss-detection rate of 1% for PUCCH formats 1a and 2 at the eNodeB.
2.3 UE does not transmit but ACK received
In this scenario, the UE does not detect the presence of a MAC PDU transmission because of a PDCCH missed detection and hence does not transmit any ACK/NACK response. In such a case, the eNodeB may still falsely decode an ACK. Reference [4] gives a specification limit of 1% for receiving an ACK in a PUSCH transmission when only data is present. Likewise for PUCCH transmission, reference [4] states a requirement for DTX to ACK probability not exceeding 1% for the eNodeB. 

2.4 TDD LTE ACK/NACK bundling uncertainty
ACK/NACK bundling feedback mode is supported in TDD LTE for all uplink/downlink frame configurations and is the only supported feedback mode for configuration 5.  In ACK/NACK bundling feedback mode, multiple downlink HARQ processes are covered by a single uplink ACK/NACK response. A UE will only send an ACK if all downlink MAC PDUs across all the HARQ processes within the bundle are positively acknowledged. On these scenarios a UE may correctly receive a Timing Advance MAC CE carried by one correctly received MAC PDU. However, due ACK/NACK bundling and the NACK of one other HARQ process in the bundle, the UE will transmit an overall NACK. The eNodeB could receive this NACK on its last retransmission and will be unaware of whether or not the UE had correctly decoded a timing advance command. 
2.5 Existing References to Accumulated UE timing errors
Further evidence on the fact that knowledge of UE Timing Advance by the eNodeB is unreliable can be found in reference [5], in which it is acknowledged that the eNodeB cannot maintain an accurate estimate of the timing advance due to accumulated UE timing errors. 
Given that the eNodeB is not always in a position to determine accurately the current UE timing advance setting, a new UE measurement “UE Rx – Tx time difference” has been defined in [6] to support accurate reports of the current UE timing advance measurement to the network for location purposes.
3. Consequences of Inadequately Large Timing Advance at the UE
There is some probability that for a UE moving away from the serving cell, the eNodeB sets the timing advance to a value leading to Tx activity on the DwPTS. As explained earlier, the eNodeB has no knowledge of the propagation delay and it can only attempt to determine the current timing advance value using an error-prone mechanism.
Should any one TDD LTE UE at the cell edge transmit past the guard period, it could introduce significant interference on the DwPTS and adversely affect all other UEs in the local area. Inherently, FDD does not suffer from this form of interference; however for TDD this is seen as a potentially catastrophic effect leading, for example, to some or all of the following:

· Uplink to Downlink co-channel interference into co-channel victim UEs 

· Uplink to Downlink adjacent channel interference into adjacent channel victim UEs 

· Receiver blocking into any victim UEs located near the attacker UE. This applies to all UEs operating in the same TDD LTE band. 
In addition to the above, the offending UE will not be able to receive and transmit at the same time on the same carrier frequency. The UE behavior needs to be clarified under these circumstances. Failing that, UE implementations will need to set an arbitrary rule, and UE designers will make an arbitrary choice and either favour uplink transmission over downlink reception, or the opposite. This is not a desirable situation as different UEs on the same network can potentially behave differently whenever the UE is required to receive and transmit at the same time.
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Figure 1 - UL to DL interference and blocking due to too large timing advance.
4. Conclusion
Although an eNodeB could track the absolute timing advance of a UE whilst HARQ transmissions are reliable, such behaviour is not explicitly required in the specifications. Moreover, even if such a scheme is implemented by network infrastructure vendors, several error sources discussed in this contribution can lead to inaccuracies for the eNode’s context of the UE’s timing advance. It is difficult to quantify exactly the probability of occurrence for such events, which can lead to worryingly severe network performance degradation.

In addition to this, whenever these scenarios do occur the offending UE is in principle required to transmit and receive at the same time, which is not possible. Unless specific guidance is provided within the specifications this will force UE implementations to adopt an arbitrary choice, and different UE designs may end up behaving differently.

There is an extremely simple mechanism to avoid the occurrence of both problems above by setting a specified maximum value to UE timing advance so that transmission onto the DwPTS region shall never occur. Within our proposal the maximum timing advance is defined as a function of the special subframe configuration, downlink cyclic prefix length and uplink cyclic prefix length to reflect the impact of these parameters on the supported cell size. 
A simple modification text for a Release 10 CR to TS36.133 [3] is suggested, as described in Reference [1] which gives the derivation of the numbers used in this CR. Our own assessment on the impact on UE implementation indicates that this is a straightforward modification.

A CR into this meeting, reference [7] is proposed for Release 10 specifications, there is nothing precluding earlier releases implementing this maximum timing limit as well. 
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