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1 Introduction
According to RAN4 [1]

 REF _Ref300586735 \r \h 
[2], the timing difference between two carriers in 
an inter-band aggregation scenario can be as high as ~30 microseconds. Our understanding is that such large difference in timing can occur in deployments consisting of remote radio heads (scenario 4). This contribution is an initial analysis of changes needed to support such large differences in timing.
2 Discussion

Scenario 4 consists of macro cells deployed on one band and RRHs deployed on another band. 
	4
	F1 provides macro coverage and on F2 Remote Radio Heads (RRHs) are used to provide throughput at hot spots. Mobility is performed based on F1 coverage. Likely scenario when F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {3.5 GHz}, etc. It is expected that F2 RRHs cells can be aggregated with the underlying F1 macro cells.
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The fiber links between the cell site and the RRH introduce delays which result in the UE seeing a significant difference in propagation delay on the two bands. As noted above, this difference can be of the order of 30 microseconds. For further discussion, we assume the configuration shown in Figure 1.
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Figure 1: Carrier Aggregation with Remote Radio Head
Figure 2 shows the timing relationships between downlink and uplink transmissions of the two frequencies. It is assumed that the eNB tries to ensure that uplink transmissions on F1 and F2 are received at the same time. Transmissions on F2 through the RRH (both uplink and downlink) have an additional delay due to transmission through the fiber link and the associated RRH processing. As shown in Figure 2, in order for the F2 uplink to arrive at the eNB at the same time as the F1 uplink, the timing advance applied by the UE for transmissions on F2 has to compensate for the fiber and RRH processing delay. 
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Figure 2: Timing Relationships between F1 and F2
As can be seen in Figure 2, there is a partial overlap of a symbol between successive subframes on the two carriers. That is, the last symbol of subframe n on F1 overlaps the first symbol of subframe n+1 on F2. 

The timing relationship shown above leads us to consider the following potential issues:
1. Reduced processing time: On F2, UE has less processing time than on F1. The downlink on F2 is received later than on F1 and the uplink on F2 has to be transmitted earlier than on F1. This implies a (slightly) lower processing time on F2 compared to F1.
2. Cross Carrier Scheduling: If UE is configured for cross carrier scheduling from F1 to F2, UE may not fully receive PDCCH on F1 before PDSCH on F2 begins. This is a consequence of the larger downlink propagation delay on F2 (and is somewhat independent of the different TA values for F1 and F2).
3. Power setting for uplink transmissions: The overlap between successive subframes can mean that a UE is unable to allocate adequate power to transmissions on the two carriers in the overlapping symbol. That is, the aggregate power required in overlapping symbol – last symbol of subframe n on F1 and first symbol of subframe n+1 on F2 – may exceed the maximum allowed UE power.
4. Power headroom reporting: Due the overlap between successive subframes, power headroom computation may not be accurate; the headroom available in the overlapping symbol may be much lower than in the other symbols.
We think it is necessary for RAN2 to investigate these issues (in conjunction with RAN1 where necessary). Our understanding on the above issues is (a) the reduced processing time is not a significant issue as the reduction is of the order of a symbol duration, (b) the cross carrier scheduling issue is not significant as the UE can buffer PDSCH, and (c) the power setting and headroom reporting procedures may need to be adjusted. 

3 Summary
RAN2 is requested to discuss the following issues mentioned above and coordinate with other groups where needed.

· Reduced processing time
· Cross Carrier Scheduling
· Power setting for uplink transmissions
· Power headroom reporting
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