3GPP TSG-RAN WG2 Meeting #78
R2-12xxxx
21-25 May 2012, Prague, Czech Republic








resubmission of R2-121232
Source:
Panasonic

Title: 
Issues on exceeding maximum timing difference of aggregated cells

Agenda Item:
7.1.2.1
Document for:
Discussion, Decision

1 Introduction

During RAN4 #58AH, RAN4 discussed and updated the conclusions on the UE receiver window for Inter-band non-contiguous carrier aggregation. RAN2 was informed in [1] that a UE should cope with a delay spread of up to 31.3 µs among the component carriers monitored at the receiver. RAN2 captured the above information in [2] at Annex J.

This contribution describes the issues involved if a cell exceeds the maximum timing difference and proposes to introduce a mechanism to make eNB aware of the problem. 

2 Discussion

The implications of a UE being able to cope with a maximum time difference of 31.3 µs among its monitored cells are that during the reception of a cell the UE needs to be able to buffer up to 31.3 µs of the received signal. E.g. in case of cross carrier scheduling the UE will only know after reception of all cells on which carrier its PDSCH and PUSCH assignments are located.

The time duration of this receiver window already takes into account carrier aggregation deployments and is able to cope with a propagation delay difference between two cells of 30 µs (and including eNB timing alignment error of 1.3 µs) due to limitations of the UE complexity related to the receiver’s buffer size and PDCCH/PDSCH decoding time.

A deployment scenario, where the propagation delay difference for the aggregated two cells is close to 30 µs is given in Figure 1. 
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Figure 1 – Scenario with propagation delay difference of 30 µs

In Figure 1 a UE is in a cell layout as described in CA deployment scenario 4 [2]. It aggregates two cells. One cell is transmitted from an RRH very close by, hence the propagation delay is marginal. The other cell is transmitted from the Macro eNB which is around 9 km away. The propagation delay difference between these two cells is then around 30 µs.
Exceeding this maximum time difference will result into at least one of the cells to fall out of the receiver window. This will result into an inability to decode PDCCH and/or PDSCH. Consequently, also PUSCH cannot be transmitted if PDCCH is not received. Furthermore, this even has an impact on cells that are within the receiver window if those cells are cross carrier scheduled from a cell which is not within the receiver window.

If the eNB is not able to detect the reception failure of PDCCH/PDSCH, the eNB would continue the allocation of retransmissions until the maximum number of desired/configured HARQ retransmissions is reached. This causes a waste of downlink/uplink resources. If a cell’s propagation delay is around the maximum receiver window, there are cases that the cell is repeatedly for some time within the window and for some time outside of the window. In this case it is particularly difficult to detect the reception failure, since it appears to the eNB as an usual throughput degradation rather than a complete failure.
The severity of the problem discussed above depends on how often it will occur. This is directly related on how common the scenario show in Figure 1 will be deployed. We propose to discuss this issue in RAN2 and to come to a conclusion on the importance of the problem exceeding the maximum time difference.
Proposal 1: RAN2 should discuss the importance of the above problem and conclude on it’s severity..
As the eNB is configuring the UE with appropriate cells, the eNB should be aware of the propagation delay differences among the configured cells. However, when the UE is configured with cells that already have a large propagation delay difference close to the maximum receiver window, a further propagation delay change (e.g. caused by UE movement, channel fluctuations, clock drifting) can cause cells to fall out of the receiver window. Depending on the reason for the change of the propagation delay, the eNB might be unaware that the propagation delay between the cells exceeds the maximum receiver window at the UE side. 
Considering the above paragraph and depending on RAN2’s judgement of the importance of the problem we see the following possible ways forward.

If the problem is judged as only marginal by RAN2 then we propose the following:

Proposal 2: When UE exceeds the maximum time difference of 31.3 µs among its monitored cells the UE behaviour is unspecified.
It shall be noted that with Proposal 2 it is solely the network’s responsibility that the time difference between cells aggregated in the UE does not exceed the maximum of 31.3 µs.

As the UE is aware of the propagation delay differences between its configured cells at all time, the UE is able to contribute to the avoidance of situations as described above. One possible solution on indicating cells that are beyond the receive window to eNB is to report a CQI index of 0 (out of range) for these cells. As this is no clear indication for the problem since there are several reasons for the UE to send CQI out of range, it is at least a hint on the problem. It will depend on eNB implementation to evaluate this hint correctly.
Proposal 3: When UE exceeds the maximum time difference of 31.3 µs among its monitored cells it is mandated to report a CQI index of 0 (out of range) for those cells exceeding the maximum time difference.

The solution of Proposal 2 can be easily implemented. However, it is only possible to indicate cells that have already fallen out of the receive window.

If the problem is seen as more sever in RAN2, it should be considered to introduce a mechanism that informs the eNB of cells that are in danger of exceeding the maximum propagation delay difference.

With the above UE behaviour, the eNB could deactivate these cell(s) in time and also reconfigure UE with more appropriate cells.

Hence, in the case that RAN2 concludes that the problem is important and needs to be solved, we propose the following:
Proposal 4: RAN2 should introduce a mechanism to inform eNB on cells that have fallen out of UE’s receiver window or that are close to falling out of UE’s receiver window.
3 Conclusions

This contribution discusses scenarios that lead to exceeding of the maximum propagation delay between aggregated cells. The problems that occur when a cell falls out of UE’s receiver windows are described.
Proposal 1: RAN2 should discuss the importance of the above problem and conclude on it’s severity.

Depending on the judgement of RAN2 on the importance of the problem  RAN2 shall adopt one of the Proposals 2 to 4.

If the problem is seen as marginal by RAN2, we propose the following.

Proposal 2: When UE exceeds the maximum time difference of 31.3 µs among its monitored cells the UE behaviour is unspecified

If RAN2 decides that it is beneficial to indicate cells beyond the maximum receive window to eNB, we propose the following:

Proposal 3: When UE exceeds the maximum time difference of 31.3 µs among its monitored cells it is mandated toreport a CQI index of 0 (out of range) for those cells exceeding the maximum time difference.
If the problem is judged as more severe and it is seen necessary to prevent situations where cells fall out of UE’s receiver window or are close to falling out of UE’s receiver window, we make the following proposal.

Proposal 4: RAN2 should introduce a mechanism to inform eNB on cells that have fallen out of UE’s receiver window or that are close to falling out of UE’s receiver window.
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