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1 Introduction

CoMP is a promising technique for improving the throughput performance of the cell-edge UEs. However, in the realistic scenarios, the constraints from lower capacity/higher latency backhaul compared with typical situations should be considered in CoMP studies, since the achievable gain may be significantly impacted for such inter-cell, especially inter-eNB collaborative communications that heavily rely on efficient backhaul coordination.

Therefore, it has been approved at the RAN#50 meeting that the Rel-11 CoMP WI should “Evaluate constraints from lower capacity/higher latency communication between transmission points (including applicability and impact of these constraints) on performance gain of schemes/modes, develop corresponding simulation assumptions” [1].
In [2], some working assumptions on X2 interface for DL CoMP were proposed:
· C-plane:
· In case of coordinated scheduling / beamforming, PMI and required signalling to support scheduling coordination (e.g. best/worst companion PMIs) need to be shared.

· In case of DL joint transmission, CSI needs to be shared among cells in the CoMP cooperating set.

· U-plane
· In case of DL joint transmission, user data has to be shared among cells in CoMP transmission points in the CoMP cooperating set.
In [3], we suggest that in Rel-11 the following CoMP schemes are considered as baseline:

· CS/CB with centralized scheduling

· JP with centralized scheduling
In this contribution, we will provide our analysis on the backhaul constraints of capacity and latency in CoMP based on the above-mentioned working assumptions in the context of the proposed baseline schemes.
2 Discussions
Since there is no RNC-like node defined in the LTE architecture, the flat architecture offers a reduced latency for LTE over 3G networks, which is especially beneficial for technologies that rely on backhaul support, such as CoMP. Conforming to the principle of latency reduction, introducing a new, independent central controller is not recommended in centralized scheduling based CoMP schemes. More specifically, instead of an independent central controller, one of the eNBs in the CoMP cooperating set may be selected as the “master” eNB according to certain criterion. The master eNB is responsible for processing the centralized scheduling and/or joint precoding operations.

Similar to [4], the procedures of CS/CB and JP with implicit feedback and centralized scheduling are shown in Fig. 1 and Fig. 2, respectively, and will be detailed in the sequel. For simplicity, only an example of two CoMP UEs and two CoMP eNBs are portrayed.

[image: image1]
Fig. 1: The procedure of CS/CB-based CoMP with implicit feedback and centralized scheduling.

[image: image2]
Fig. 2: The procedure of JP-based CoMP with implicit feedback and centralized scheduling.
2.1 Latency assessment
2.1.1 General considerations
The latency in the CS/CB based CoMP is analyzed in this section based on some inputs from [5]. Under the same conditions, it is expected that the lower the capacity of the backhaul between the eNBs in a cooperating set the higher the delay for data transmission. Therefore, the delay constraint reflects the capacity constraint, and vice versa. To simplify our analysis, in this section only the delay constraint is considered.
Without loss of generality, the following assumptions are made:
· Only the additional delay caused by CoMP is concerned, which is defined as the “extra” delay.
· OTA feedback in CoMP transmissions has a similar delay as OTA feedback in non-CoMP transmissions.
· The OTA feedbacks from multiple UEs forwarded to the “master” eNB are assumed to be parallel.
· The CoMP related signaling/data transmissions from multiple “slave” eNBs to the “master” eNB are assumed to be parallel.
· The signaling transfer in C-plane does not conflict with the data transfer in U-plane.
In [2], some typical backhaul mediums, such as fiber, copper and microwave are analyzed. All of them have a node delay of less than 1ms (except for T1/E1). Therefore, we assume 2ms and 4ms for the X2 message delay, which represent the typical values concerning medium, processing, etc. in the best and worst case, respectively.
Hence, the following assumptions are made for C-plane:
· X2 message delay: 2~4ms

· L1/L2 message delay: 1~2ms
Furthermore, we assume that the data delay in U-plane is much longer than the signaling delay in C-plane, as the amount of data transferred is typically much larger than that of signaling.
The following assumptions are made for U-plane:

· Data packet delay: 10~12ms
2.1.2 Feedbacks for CS/CB
The procedure of the CS/CB CoMP with implicit feedbacks is shown in Fig. 3.
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Fig. 3: The delays in CS/CB-based CoMP with implicit feedback and centralized scheduling.
The total X2 delay in CS/CB-based CoMP with implicit feedback and centralized scheduling may be modeled as:

Total_delay = Legacy_delay + Send_CSI_info + Inter_cell_scheduling + Send_scheduling_info             (1)
where the bold fonts denote the delays that contribute to the total “extra” delay (applied to the remaining part of this contribution), while:
Legacy_delay = Measurement + OTA_feedback + Single_cell_scheduling + Link_adaptation + Precoding      (2)
may be ignored in the following calculation, since only the CoMP-related additional delay is concerned here. Furthermore, the term Inter_cell_scheduling is assumed to be the same as Single_cell_scheduling (since both consider the scheduling algorithm processing delay only), so it may also be ignored.
Thus, the assumption on delay for CSCB based CoMP should be:
· The terms of Send_CSI_info and Send_scheduling_info represent the CoMP-related X2 delays in C-plane.
Based on the above assumptions, the range of the total “extra” delay varies from 2 + 2 = 4ms to 4 + 4 = 8ms.

2.1.3 Feedbacks for JP
The procedure of the JP-based CoMP with implicit feedbacks is shown in Fig. 4.
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Fig. 4: The delays in JP-based CoMP with implicit feedback and centralized scheduling.
Similar to the CS/CB case, the total X2 delay in JP-baed CoMP with implicit feedback and centralized scheduling may be modeled as:
Total_delay = Legacy_delay + Send_CSI_info + Inter_cell_scheduling + Send_scheduling_info + Send_data_bits + Send_precoded_data                                                                                                                                                      (3)
Based on (3), the range of the total “extra” delay varies from 2 + 2 + 10 + 10 = 24ms to 4 + 4 + 12 + 12 = 32ms.

If Send_CSI_info is done in parallel to Send_data_bits, namely sending data bits of all candidate UEs independently as the inter-cell scheduling instead of sending data bits of selected UEs after inter-cell scheduling is completed. Such an assumption is made based on the typical full-queue model where the receiving eNB has sufficient buffer, so that the delay of Send_CSI_info may be ignored. The model is illustrated by the arrowed doted lines in Fig. 5.
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Fig. 5: The  procedure of JP with centralized scheduling.
Under the full-queue model, the total delay in JP-based CoMP with implicit feedback and centralized scheduling may be modeled as:
Total_delay = Legacy_delay + Send_CSI_info + Inter_cell_scheduling + Send_scheduling + Send_data_bit + Send_precoded_data                                                                                                                                                           (4)
The corresponding range of the total “extra” delay in this case varies from 10 + 10 = 20ms to 12 + 12 = 24ms, which is significantly reduced compared with the non-full-queue case.
Therefore, we come to the following observations:
· The “extra” delay imposed by CS/CB-based CoMP with implicit feedback and centralized scheduling is no more than 10ms.
· The “extra” delay imposed by JP-based CoMP with implicit feedback and centralized scheduling is about 20~40ms.
3 Conclusion

In this contribution, we have discussed the X2 delay issue under selected CoMP schemes. The proposed assumptions are summarized in Table 1.
Proposal 1: The assumptions in Table 1 are considered in CoMP investigations for Rel-11.

Table 1: Assumptions proposed for CoMP investigations in Rel-11.
	Category
	Description

	General
	· Only the additional delay caused by CoMP is concerned, which is defined as the “extra” delay.
· OTA feedback in CoMP transmissions has a similar delay as OTA feedback in non-CoMP transmissions.
· The OTA feedbacks from multiple UEs forwarded to the “master” eNB are assumed to be parallel.
· The CoMP related signaling/data transmissions from multiple “slave” eNBs to the “master” eNB are assumed to be parallel.
· The signaling transfer in C-plane does not conflict with the data transfer in U-plane.

	C-plane
	· X2 message delay: 2~4ms

· L1/L2 message delay: 1~2ms

	U-plane
	· Data packet delay: 10~12ms

	CoMP baseline schemes
	· The “extra” delay imposed by CS/CB-based CoMP with implicit feedback and centralized scheduling is no more than 10ms.

· The “extra” delay imposed by JP-based CoMP with implicit feedback and centralized scheduling is about 20~40ms.
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