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1. Introduction

In RAN4 Ad-hoc 2010-04, UE receiver window in carrier aggregation was discussed in [1]. This document discusses the UE processing time in case of inter-band CA. 

For the processing time perspective, it should be careful on CC interactions on cross carrier PDCCH and ACK/NAK carrying other CC's results.
2. Discussion
We analyzed following four cases of UE processing time. 

Case 1) Macro is PCell. UE is 100km apart from macro.

Case 2) Macro is PCell. UE is just next to macro eNB.

Case 3) RRH is PCell. UE is 100km apart from RRH.

Case 4) RRH is PCell. UE is just next to RRH.

The assumption is macro and RRH is time synchronized. The subframe transmission timing is aligned. The backhaul propagation delay is taken into account at the network side.
Although UL Scell transmission will be introduced for inter-band non-contiguous CA in later release, we analyzed UE processing time including such cases.
Case 1) Macro is PCell. UE is 100km apart from macro.
UE processing time relation is shown in Figure 1.
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Figure 1. UE processing time of case 1

Within case 1, we checked two sub-cases. The first sub-case is RRH is located next to macro. The second sub-case is RRH is next to UE. In both sub-cases, according to the analysis in Figure 1, UE has 3.33 ms decoding time. This is equivalent to release 8 minimum UE processing time to decode PDSCH and to generate ACK/NACK. The same applies from PDCCH to transmit PUSCH. Therefore, UE processing time can be equivalent to release 8/9 in both sub-cases.
RAN1 agreement is in the case of no PCell transmission, UCI to carry ACK/NACK is sent on SCell in case no simultaneous PUCCH/PUSCH transmission. SCell uplink transmission is aligned with RRH reception timing. Then depending on the propagation delay between RRH and UE, Ack/Nack on SCell PUSCH is delayed at UE. This still ensures UE processing time of 3.33ms.

In case RRH is located at next to UE, SCell receives 0.33ms faster than PCell. In case of cross-carrier scheduling, UE receives PDCCH from PCell. Therefore, SCell reception cannot be started until PCell PDCCH reception. Therefore, UE is required to buffer SCell data. This buffer size is proportional to the time difference between macro and RRH. From UE complexity perspective, the smaller buffer is better. On the other hand, at least UE processing time 3.33ms is available in this case. Therefore, we propose the minimum value not to make the deployment difficult is taken as the time difference between macro and RRH.
Case 2) Macro is PCell. UE is just next to macro eNB.
UE processing time relation is shown in Figure 2.

[image: image2.emf]UE processing time(3.33ms)

Ack/Nack

Ack/Nack

at macro eNB

at UE for PCell

UE processing time(3.33ms)

UE processing time(3.33ms)

PDCCH

1)  RRH is located next to macro

at UE for SCell

Propagation delay

2) RRH is located 100km apart from UE

at UE for SCell

wait time

Ack/Nack

on Scell PUSCH

wait time

Ack/Nack

on Scell PUSCH

Propagation delay


Figure 2. UE processing time of case 2
Within case 2, we checked two sub-cases. The first sub-case is RRH is located next to macro. The second sub-case is RRH is located 100km apart from UE.

The first sub-case is PCell and SCell are almost aligned. So it is no problem of processing time. 

In the second sub-case, UE receives PDCCH for SCell 0.33 ms earlier than the data reception of SCell in case of cross-carrier scheduling. In the case of no PCell transmission, UCI to carry ACK/NACK is sent on SCell in case no simultaneous PUCCH/PUSCH transmission. Although even RRH is located 100km apart from UE and even the delay of SCell data reception, UE processing time is still allowed as 3.33ms. On the other hand, the buffer size to receive SCell data reception depends on the distance between macro and eNB. The same buffer discussed in case 1 can be used for this purpose. So we propose the same time difference between macro and RRH with case 1 is applied.
Case 3) RRH is PCell. UE is 100km apart from RRH.

This is similar to case 1 except RRH is PCell.
Case 4) RRH is PCell. UE is just next to RRH.

This is similar to case 2 except RRH is PCell.
3. Conclusion
In this document, we discussed the UE processing time in case of inter-band CA. According to the analysis, the UE processing time can be kept as 3.33ms even macro and RRH is 100km apart. On the other hand, the buffer memory to wait PDCCH or data is required proportional to the time difference between macro and RRH.  From the UE complexity perspective, the smaller buffer is better but we should not limit the deployment scenario too much. Therefore, we propose the minimum value not to make the deployment difficult is taken as the time difference between macro and RRH.
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