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1 Introduction

In RAN2 the maintenance of uplink synchronization for inactive UEs in connected mode has been discussed. It was decided that UEs should be allowed to lose synchronization during long DRX periods. During RAN2#57bis an LS [1] was sent to RAN1 and RAN4 pointing out some questions regarding uplink synchronization. This contribution tries to answer some of these questions.

It has been decided that E-UTRA should be optimized for low mobility (0-15 km/h) but on the other hand it shall be designed to support high speed UEs, i.e. up to 500 km/h [4] . Requiering frequent use of synchronization procedures to support this high speed may lead to unnecessary usage of the uplink. This uplink activity may not only consume valuable network resources but also requires an unreasonable usage of the UE transmitter leading to substantially reduced UE battery life.

Another requirement for E-UTRA is to enable efficient UE power saving with long DRX periods for active mode UEs. These DRX periods should be comparable to those in idle mode. The increased overhead and reduced battery life associated with keeping UEs in active mode will force the eNodeB to send less active UEs to idle mode, with increased packet delays and signaling as a result.

In this contribution methods to extend the time that UEs maintain synchronization are presented and compared to standard strategies for synchronization management.

2 Current solution

As discussed in [1], two different startegies for uplink synchronization management can be identified. Either UEs are kept synchronized or they are allowed to go unsynchronized after a certain time of inactivity. Typically, a balanced mix of the two strategies in order to support the configured QoS with a minimal amount of resources would be seen. Below the two solutions are discussed.

2.1 UEs maintain synchronization

In this case, UEs must periodically (e.g. every 0.5 s) transmit a signal that can be used for uplink synchronization by the eNodeB. This could be a Non-Synchronized Random Access (NSRA) preamble, a sounding signal or any other uplink transmission with enough bandwidth to support accurate timing estimation in the eNodeB. This means that the uplink transmission must span at least 1.25 MHz in the frequency domain to enable accurate timing estimation. The transmission does not have to be contigous in the frequency domain, but could be on distributed subcarriers.  

The main drawback of maintaining synchronization is that it requires frequent uplink activity, which increases signalling overhead and reduces UE battery life. To maintain synchronization for UEs without uplink data to transmit two options exist. These methods and the cost associated with them are discussed below.

2.1.1 Non-Synchronized Random Access (NSRA)

In this scheme UEs maintain their uplink synchronization by periodical transmission of an NSRA preamble. This preamble is used by the eNodeB to estimate the receive timing offset. If required the eNodeB corrects the timing through a Timing Advance command to the UE. 

The number of UEs that could be maintained in a synchronized state with 1% overhead can be estimated as
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, where NruTot is the total number of resource blocks per carrier, NruRa is the number of resource blocks required for the NSRA channel (6), Ccont is the capacity reduction due to the contention based nature of NSRA (0.37), Npreamb is the number of NSRA preambles (16), Ts is the required synchronization update periodicity (0.5s) and Tra is the duration of the NSRA preamble (1ms). 

For a carrier bandwidth of 5 MHz this becomes
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The advantage with the NSRA is that it can be used without previous uplink synchronization. Also, it does not require scheduling by the eNodeB. The main drawback is the high resource consumption.

2.1.2 Uplink Sounding

When uplink sounding is used to maintain uplink synchronization UEs are allocated periodical resources on which to transmit uplink sounding. UEs can use FDM and CDM and a combination thereof to multiplex UEs. The details on how the uplink sounding should work are not yet decided. However, an idea of the imposed overhead can be found in e.g. [3]. In this contribution it is estimated that 300 UEs can transmit channel sounding reference signals at 50 Hz with 3.57% overhead in 5 MHz. Hence, the number of UEs that can be kept synchronized (2 Hz) with 1% overhead on a 5 MHz carrier can be estimated as
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The advantage with using uplink sounding for synchronization maintenance is the relatively low resource consumption. The main drawback is the requirement to schedule every access.

2.2 UEs are allowed to lose synchronization

In this case, UEs maintain their uplink synchronization as long as communication is ongoing. After a certain time (Ts) without a TA command the uplink is considered unsynchronized (see Figure 2‑1). If this timer is based on the maximum supported UE speed (i.e. 500 km/h) this would lead to an over-usage of the NSRA since stationary and low-speed UEs would use the same short timer. On the other hand, if the timer is based on the UE speed, signalling to negotiate a new out-of-sync timer has to take place when the UE speed changes.
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Figure 2‑1. State diagram controlling the uplink synchronization status of a UE

3 Proposed solution

It is noted that using the worst case speed to calculate the synchronization update periodicity results in an over-usage of the RACH or uplink sounding channel and a waste of uplink resources in a network where a majority of users are low and medium speed. Instead we see that there are some methods for a UE to detect if it is synchronized and also to adjust uplink synchronization when a UE is moving without the use of uplink transmissions.  The methods a UE uses to extend the synchronization time can be implementation specific, but to take full adavantage of this the network has to allow the UE to control its synchronization status.

3.1 Extending the uplink synchronization time

Several methods exist for the UE to extend its time during which the uplink is synchronized without the use of uplink signalling, i.e passive methods. Some examples of such methods are outlined below.

3.1.1 Speed estimation

It is possible for a UE to perform Doppler estimation on the downlink of the serving cell and calculate a speed on which to the out-of-sync timer can be based. When this method is used, slow UEs can maintain synchronization for a longer period of time. The out-of-sync timer (Ts) can be calculated as
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where τ is the maximum allowed receive timing uncertainty at the eNodeB (0.52μs according to e.g. [5]), c is the speed of light (m/s) and v is the UE speed (m/s).

3.1.2 Built-in GPS receiver

It is possible for a UE with a built-in GPS receiver to use the stable timing reference supplied by the GPS receiver to monitor absolute timing changes in the downlink and use these changes to adjust the uplink timing.

For example, if the downlink of the serving cell arrives earlier compared to the GPS reference time, this corresponds to a user that has moved closer to the eNodeB (see Figure 3‑1). The uplink timing can then be adjusted to compensate for this movement according to the equation 
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where TA0 and TA1 are timing advance values at time t0 and t1 respectively, and τ0 and τ1 are the measured downlink arrival times relative to the reference time. It should be noted that if the UE goes out of GPS coverage normal synchronization procedures could be used as a fallback.


[image: image7.emf] 

Downlink at time t 0  

Downlink at time t 1  

τ 0  

τ 1  

T ref  

t 1  

t 0  

τ 1  

τ 0  


Figure 3‑1. Adjustment of uplink timing based on the change of downlink timing

3.1.3 Use observed time difference between different cells

To reduce the signalling overhead, a UE can be designed to maintain its uplink synchronization for an extended period of time without the need for uplink transmission. This is done by observing the timing of the downlinks from several different base stations (see Figure 3‑2) as outlined in the following steps: 

1. The UE accesses the network in the uplink (e.g. non-synchronized random access) and receives its timing advance (t = t0).

2. The UE estimates and stores the receive timing for at least 3 different base stations

3. The UE is idle for a while until next uplink activity.

4. When the UE needs to transmit uplink data (t = t1) it estimates the receive timing for the 3 base station that was used in step 2. If the UE has moved, this will be reflected in a change in timing received from different base stations.

5. A new local timing reference is calculated using the observed time difference between the base stations similar to a GPS receiver.

6. The transmit timing is then compensated by the change in timing between serving base station and the local timing reference.
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Figure 3‑2. A UE that needs to access the uplink after a certain time of inactivity

3.2 UEs maintain synchronization

UEs configured to maintain synchronization would attempt to maintain synchronization using the available methods and use uplink transmissions only when these passive methods cannot be used. This will reduce the amount of uplink activity during inactive periods and extend the UE battery life. Since ordinary procedures can be used as a fallback, synchronization will always be maintained in this mode.

3.3 UEs are allowed to lose synchronization

In this case, UEs stay synchronized for a certain time after the last reception of a TA command. This time would typically be based on the worst case UE speed (e.g. 500 km/h). When uplink transmission is required the UE tries to re-acquire uplink synchronization using available passive methods (see section 3.1). The NSRA procedure is used as a fallback when no passive method is available. 

Since the synchronization methods available to a UE can depend on radio conditions etc, the eNodeB will not know the synchronization status of a UE. Therefore, since the UE may require some synchronization procedure before transmitting in case of a network initiated access, the eNodeB will not know when to receive the HARQ ACK/NACK. In [2] a data transmission procedure to allow this is discussed.
4 Conclusions

It is proposed that

· The UE is allowed to use methods to extend the time for which it is considered synchronized. 

· The network does not always know the synchronization status of the UE and access procedures should be designed to allow this. In this way the whole range of UE speeds can be covered without unnecessary use of the UE transmitter.

· UEs configured to maintain synchronization can use uplink signalling only when required, i.e. stationary UEs use less (if any) resource for synchronization maintenance. Hence, long DRX times can be supported in active mode enabling efficient UE power saving.
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