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1 Introduction

In the last Bucharest meeting, RAN4 makes discussion on timing advance calculation using timing difference measurement and gives possible responses to some of the questions raised by RAN2 in the LS. This contribution summarizes RAN4’s opinions regarding the deployment of uplink-only or downlink-only repeaters.
2 Discussion
For convenience, the question raised by RAN2 in the LS [1] is reproduced blow:
1. RAN2 thinks that the transmitter and receiver for a cell or cells for which a timing advance is calculated would need to be collocated (i.e. so that uplink and downlink propagation path lengths are effectively the same). RAN2 would therefore like to ask RAN4 whether deployment of uplink-only or downlink-only repeaters (when the UE is configured with both an uplink and downlink for the same serving cell) would need to be considered for any deployment requiring multiple timing advance values.
2.1 CA Deployment scenarios 5
In release 10 work on carrier aggregation, considering only deployment scenarios two and three, it has been concluded in [2] that multiple TA were not needed for release 10 carrier aggregation. However, it is possible that scenarios two and three would benefit from the network providing time alignment adjustments for the uplink SCell using the timing advance command.
The following lists the CA deployment scenario 5(i.e. the repeater case) in [3].
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Figure1 CA deployment scenario 5
In scenario 5, F1 and F2 cell are co-located, F2 has smaller coverage and frequency selective repeaters are deployed to extend the coverage of one of the carrier frequencies. RAN2 wonders whether the downlink-only or uplink-only repeater should be considered. Herein, the downlink-only repeater means using repeater to send DL data while using macro eNB to receive UL data of the same carrier. The uplink-only repeater means using macro eNB to send DL data while using repeater to receive the UL data of the same carrier. From the network planning and optimization perspective, both scenarios are caused by the uplink and downlink coverage imbalance of macro eNB, and these should be avoided in the practical scenarios. Thus from some companies’ understanding, the deployment of uplink-only and downlink-only repeaters is the corner case, and there is no need to be considered for the deployment requiring multiple timing advance values [4].
2.2 Uplink-only repeater deployment 
However, from a more pragmatic point of view, since in general the uplink is more power limited, especially for the scenario where a cell has a very large coverage area and in particular in the carrier aggregation case where a relatively large uplink power back off is required, an uplink-only repeater could provide some coverage benefit for those scenarios. Therefore, the deployment possibility of the uplink-only repeater still deserves our consideration.
In general, the deployment of uplink-only repeater case in CA is as figure 2. As the figure shows, an uplink-only repeater is deployed for F2 in order to increase F2 cells coverage.
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Figure2 deployment scenario of uplink-only repeater
2.3 MTA solutions analysis

2.3.1 TA calculation scheme 
Except for the RACH based timing solution, RAN2 is considering an alternative approach which is based on the timing advance of the PCell and the downlink timing difference between the PCell and the SCell measured by the UE. If the above scenario really happens in practice, uplink path-loss and downlink path-loss will no longer correlate with each other then both method (a) and (b) of the calculated timing based solutions will not work since the assumption that the DL and UL always have the same or very slight different propagation delay is broken. The same goes for TDD systems, where channel reciprocity is widely used to make uplink propagation delay on a given band very similar to downlink propagation delay, now as result of usability of uplink-only repeater, channel reciprocity which has also been an assumption for RACH preamble design done in release 8 cannot be used any more. 
2.3.2 RACH based solution
According to TS 36.300 Sub-clause 10.1.5, “The random access procedure is performed for the following six events, one of the six is for positioning purpose during RRC_CONNECTED requiring random access procedure, E.g. when timing advance is needed for UE positioning.
Furthermore, the random access procedure takes two distinct forms:
-
Contention based (applicable to first five events);

-
Non-contention based (applicable to only handover, DL data arrival and positioning).

Normal DL/UL transmission can take place after the random access procedure.”

The non-contention based random access procedure is outlined on Figure 3 below:
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Figure 3 Non-contention based Random Access Procedure

From the figure we can find that RACH preamble design is playing an important role in non-contention based random access procedure. Once the deployment of uplink-only or downlink-only breaks the channel reciprocity which is an assumption for RACH preamble design, it would create problems for RACH based timing solutions. For example, assuming a RACH solution there might be difficulties in reliably setting the initial RACH timing and power. What’s more, radio link reliability procedures and RRM strategies would also need to be very different for such deployments, so such deployments would need to be handled rather carefully.
2.4 Look back upon previous discussions
The deployment of uplink-only or downlink-only has not been agreed and motivation of it is not demonstrated, we have no idea whether we should pay enough attention to the above scenarios. RAN4 has confirmed the view of RAN2 that cells would need to have a collocated receiver and transmitter for the timing advance calculation to be appropriate. In the following, we give a conclusion about opinions of deployment of uplink-only or downlink-only scenarios.
Table 1 opinions of deployment of uplink-only or downlink-only scenarios

	Company
	Mediatek
	Huawei, HiSilicon
	Renesas
	RIM

	Opinion 
	Theoretically possible occurrence 
	Corner cases; No need considering
	Handled rather carefully
	Cannot be totally ruled out


RAN4 notes that this assumption is also necessary for setting initial PRACH timing for RACH based solutions, and has also been assumed in other aspects of LTE specifications such as power control. Handover strategies and other aspects would also be greatly affected by different uplink and downlink coverage. Given that it would be a very significant additional task to redesign the LTE system to operate in deployments with non-collocated uplink and downlink coverage, RAN4 recommends that uplink-only or downlink-only repeaters are not considered as a part of this work. 
2.5 Proposal for TA calculation scheme
Based on all above analysis, in case the deployment of uplink-only or downlink-only is agreed，there would be a significant work topic on timing advance. Neither RACH based timing solutions nor calculation based timing solutions can be good enough as it works before R10. 
According to companies’ discussions in RAN2, instead of traditional TA calculation scheme and RACH based solution, some new TA calculation scheme, namely Multi Timing Advance were proposed, there are significant benefits from them and their work is continuing. Considering that the worst impact brought by the deployment of uplink-only or downlink-only repeaters is that the use of DL propagation delay as an approximation for UL propagation delay is not in effect any more, the timing difference between the PCell and SCell may need to be re-quantified realistically, namely, the DL and UL would never be considered to have the same or very slight different propagation delay, for example, assuming the uplink-only scenario, the DL transmission delay difference still depends on the measurement of reception timing difference between PCell and SCell by UE, while the UL transmission delay difference should take the impact brought by the repeater into account, which is shown as follows: 
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Figure 4 example of timing relationship between Pcell and Scell under uplink-only repeater scenario
       TAScell  =  eNBSRx-STx + UESRx-STx = TAPcell + delta1 + delat2                             (1)
Where delta1 equals DL transmission delay difference between Pcell and Scell detected by UE. Delter2 equals UL transmission delay difference between Pcell and Scell through repeater detected by UE. The UL transmission delay between Pcell and Scell include the propagation delay and the repeater processing delay.
The accuracy of the above equation includes four parts: TA accuracy of PCell, accuracy of DL time difference on PCell and SCell, accuracy of UL time difference on PCell and SCell between UE and repeater(assuming the delay between repeater and eNB is fixed), accuracy of repeater processing delay and the time alignment error between two carriers.
3 Conclusion
The contribution summarizes RAN4’s opinions regarding the deployment of uplink-only or downlink-only repeaters. In summary, though the deployment of uplink/downlink-only repeaters under the CA scenario 4 and 5 is not a common scenario, we should keep an eye on it from a view of practice in CA Enhancement WI. With regard to detailed TA calculation scheme, the previous TA calculation scheme need to be reconsidered, we propose to improve on the alternative approach, naturally, the TA calculation scheme and related accuracy need to be further investigated.
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