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1 Introduction
In RAN #63[1], it was agreed that the scope of work item on inter-eNB CoMP for LTE is reduced to the items listed below based on X2 interface:

· A CoMP hypothesis comprising a hypothetical resource allocation for at least the receiving node in time/frequency domains 
· How to react to a received CoMP hypothesis signaling is up to receiving eNB’s implementation. E.g. accept or ignore, potentially sending a feedback e.g. “yes/no” to the sending node.
· RAN1 should provide guidance to RAN3 on necessary granularity and rate of CoMP hypothesis in time/frequency domain.

· One or more sets of CSI information (RI, PMI, CQI) of a set of UEs that can be supported taking into account limitations of existing X2 interface

· RAN1 should provide guidance to RAN3 on necessary rate of exchanging one or more sets of CSI reports over X2 interface 
· One or more measurement reports (RSRP) of a set of UEs

· Enhanced RNTP can be signaled between eNBs to facilitate CoMP
· Information granularity of the Enhanced RNTP is extended to the frequency/time domain
· RAN1 should provide guidance to RAN3 on necessary granularity and rate of Enhanced RNTP in time domain
· Information in the Enhanced RNTP is (optionally multi-level) transmit power threshold for only the sender eNB.
· RAN1 should provide guidance to RAN3 on necessary granularity of transmit power threshold and how many levels should be defined
· Possible enhancement on existing Status report, which can be signaled between eNBs to exchange the usage status of the indicated frequency/time resources
· Details of benefit metric should be decided in RAN1 and should be provided to RAN3 from RAN1#76bis

This contribution presents discussion about CSI process configuration schemes to provide details of CSI information of a set of UEs to another node. Schemes and evaluation results for CoMP scenario 2 are provided. Further study about performance with various packet lengths and with different configuration between eNB and resource coordinator is presented, too.
2 CSI process configuration
The details of CSI information (RI, PMI, CQI) of a set of UEs are summarized in the companion contribution [2]. In order to deliver CSI information to another node, corresponding assumption on CSI processes associated to each set of UEs also should be exchanged for identification. One issue in the configuration of CSI processes is whether to do it in a cell specific manner or UE specific manner. Depending on how this configuration is done, one might end up with different CoMP performance, signalling overhead, and CSI-RS/IMR overhead. In this section, two different CSI process configuration schemes are discussed and evaluated.

Scheme-1: UE specific CSI process configuration

Up to 3 CSI processes for each UE can be configured to measure different interference conditions. To utilize the CoMP scheme efficiently, it is logical to configure each UE such that it measures interference from the strongest interfering neighbour cell and the second strong interfering neighbour cell. In this case, CSI processes for each UE can be configured as follows:

· 1st CSI process: CSI report with full interference

· 2nd CSI process: CSI report without the strongest interfering neighbour cell

· 3rd CSI process: CSI report without second strong interfering neighbour cell

From the perspective of maximizing a UE’s performance, it is beneficial to configure CSI processes tailored to each UE. Such a tailored configuration of CSI processes would result in channel status information that is more adequate for maximizing the performance of centralized coordination. However the drawback is that it requires relatively higher signalling overhead to inform CSI configurations for each UE to another node.

Observation 1:
· UE specific CSI process configuration can provide channel status information that is more optimized for centralized coordination but requires relatively higher signalling overhead for exchanging CSI configuration between eNBs.
Scheme-2: eNB specific CSI process configuration

As an alternative to UE specific CSI process configuration, a common set of CSI processes can be used for all UEs associated with a particular eNB. For example, assuming a typical eNB with 3 sectors (e.g. alpha, beta, gamma sector), all UEs in a cell (alpha sector) can have the following set of CSI processes:

· 1st CSI process: CSI report with full interference

· 2nd CSI process: CSI report without the beta sector cell

· 3rd CSI process: CSI report without the gamma sector cell

Note that 2nd and 3rd CSI process for UEs in the beta sector or gamma sector can be configured in a similar way. Since interfering cells are chosen inside the same eNB, only 3 configuration indices are required to identify each UE’s CSI process. This scheme can significantly reduce signalling overhead required to provide corresponding CSI configuration assumptions to another node for CoMP operation. Furthermore, the wireless overhead required for such a eNB specific CSI process configuration would be quite low. In fact, the wireless overhead for the configuration of the three CSI processes are identical to that of intra-eNB CoMP. For the UEs having the strongest interfering cell outside the eNB, RSRPs of neighbouring cells acquired by measurement report of each UE can be utilized to help make decisions on coordination. In addition, RSRPs can be used in link adaptation at each eNB. Note that RSRPs of neighbouring cells which are not configured by CSI processes also can be utilized in coordination and link adaptation for Scheme-1.
Observation 2:
· Signalling overhead for providing CSI configuration assumptions can be significantly reduced by the eNB-specific CSI process configuration and measurement reports of neighbouring cells from individual UEs.

·  Furthermore, the wireless overhead required for such an eNB specific CSI process configuration would be quite low. 
· In fact, the wireless overhead for the configuration of the 3 eNB specific CSI processes are identical to that of intra-eNB CoMP.
3 Mismatch between schedulers

In case of inter-vendor operation, scheduling parameter of a resource coordinator and eNB could be different. We study a case that eNB and resource coordinator use different PF factor(e.g, PF exponent). PF factors of each case is considered as follows :
· Case 1: eNB PF factor – 1, resource coordinator PF factor – 1

· Case 2: eNB PF factor – 1, resource coordinator PF factor – 0.1
Case 1 uses same PF factor optimized for both eNB and resource coordinator. Case 2 uses different PF factor between eNB and resource coordinator. In the evaluation of CoMP Scenario 2, intra-site CoMP is used in the simulation as reference scheme. 
4 Study of various sizes of packet

Additional study is performance of different size of packets. In the study item phase, agreed traffic packet model was FTP model 1 with packet size of 4Mbits. This size of large packet can be considered as an application of high definition video traffic that is rapidly increasing in LTE networks. We use FTP model 1 and reduced packet sizes as follows for CoMP Scenario 2:
· Case 1: FTP model 1 with 4Mbits packet

· Case 2: FTP model 1 with 0.8Mbits packet

· Case 3: FTP model 1 with 0.4Mbits packet
Case 2 and 3 considers web-page service that varies from tens of Kbyte to hundreds of Kbyte. The user perception of the network service is meaningful when packet sizes of at least or more than web page loading is serviced to user. 
5 Performance evaluation
Table 1 shows the performance results according to different CSI process configuration schemes in CoMP scenario 2. Intra-site CoMP with UE-specific CSI process configuration is assumed to be the baseline. 5% UPT and average UPT gain with 5ms and 10ms backhaul latency are summarized. Resource utilization of 40% and 60% was used. To evaluate the effect of different CSI process configuration schemes more clearly, it is assumed that 21 cell are coordinated at the central coordinator. 
Table 1 UPT value and gain by coordinated scheduling with different CSI process configuration schemes

	CSI process configuration scheme
	Backhaul delay
	RU 40%
	RU 60%

	
	
	5% UPT
	Average UPT
	5% UPT
	Average UPT

	Scheme-1
	5
	2.76 (+13.4%) 
	17.94 (+9.8%) 
	1.79 (+24.7%)
	14.78 (+13.1%)

	
	10
	2.76 (+13.6%) 
	16.99 (+4.0%) 
	1.78 (+24.2%)
	14.04 (+7.5%)

	Scheme-2
	5
	2.75 (+13.0%)
	17.90 (+9.5%)
	1.81 (+25.7%)
	14.76 (+12.9%)

	
	10
	2.72 (+13.2%)
	16.88 (+3.4%)
	1.74 (+22.1%)
	14.01 (+7.2%)


Although two configuration schemes use different set of CSI processes per UE, 5% UPT and average UPT gain of Scheme-2 are similar to that of Scheme-1. From the results, it can be observed that RSRPs of neighbouring cells are useful for coordination and link adaptation at UE scheduling stage. In fact, link adaptation gain using RSRP based on the coordination results is quite effective with the help of short term outer-loop rate control even without multiple CSI reports of UE.
Observation 3:
· The performance gain of inter-eNB CoMP is still effective in case of eNB-specific CSI process configuration with additional channel state information of neighbouring cells
Table 2 depicts the UPT gain by coordinated scheduling with a different PF factor between eNB and resource coordinator. Case-2 with a different PF factor shows little degradation  compared to Case-1 with a same PF factor. Even though the coordination result is made less efficiently than Case-1, link-adaption gain of each eNB with shared coordination result is enough to get over the inefficiency of different PF factor. Another reason of this little degradration comes from that the resource coordinator minimizes the inefficiency of the network. While the distributed scheme can make a terrified mismatch of muting pattern among different cells, centralized scheme can manage the balanced muting pattern with a little difference of muting ratio.
Table 2 UPT gain by coordinated scheduling with a different scheduling parameter
	CSI process configuration scheme
	Backhaul delay
	RU 40%
	RU 60%

	
	
	5% UPT
	Average UPT
	Resource utilization
	5% UPT
	Average UPT
	Resource utilization

	Case-1
	5
	+13.4% 
	+9.8% 
	36.7%
	+24.7%
	+13.1%
	53.2%

	
	10
	+13.6% 
	+4.0% 
	36.5%
	+24.2%
	+7.5%
	51.9%

	Case-2
	5
	+13.7%
	+6.7%
	37.8%
	+20.0%
	+6.0%
	54.2%

	
	10
	+11.9%
	+1.9%
	37.8%
	+22.9%
	+2.3%
	54.1%


Observation 4:
· Inter-eNB CoMP eNB gain is still valid in the case that the parameter of PF factor between resource coordinator and eNB is different
Table 3 shows the performance evaluation result with short packet sizes. Intra-site CoMP is used as a reference. Inter-eNB CoMP gain is still valid even the performance gains with short packet sizes are little bit degraded. The link adaptation gain using shared resource allocation result gets over the degradation due to the backhaul latency. Another reason of little degradation comes from that the reference results also get degraded due to the fluctuation of interference. 
Table 3 UPT gain by coordinated scheduling with different packet sizes
	CSI process configuration scheme
	Backhaul delay
	RU 40%
	RU 60%

	
	
	5% UPT
	Average UPT
	5% UPT
	Average UPT

	Case-1
	5
	+13.4% 
	+9.8% 
	+24.7%
	+13.1%

	
	10
	+13.6% 
	+4.0% 
	+24.2%
	+7.5%

	Case-2
	5
	+12.4%
	+4.0%
	+17.4%
	+9.6%

	
	10
	+12.7%
	+1.7%
	+20.5%
	+3.9%

	Case-3
	5
	+9.6%
	+0.7%
	+12.3%
	+4.0%

	
	10
	+9.4%
	-0.1%
	+10.6%
	+3.7%


We can observe continuously that the inter-eNB CoMP gain is high when the loading of the cell is high and coordination size is large, as well. The benefit of inter-eNB CoMP is more noticeable when the loading is high and packet size is big (e.g high definition video traffic). Users can perceive the traffic service quality in highly loaded condition and in downloading big files while the users cannot easily perceive the quality with very short packet. Centralized inter-eNB CoMP with raw channel information gives enough benefit in these user perceptible conditions.
Observation 5:
· Performance gain of centralized inter-eNB CoMP is valid  even  with small packet sizes
Observation 6:
· The benefit of inter-eNB CoMP is noticeable in high loading and large file downloading case in which users can perceive service quality actually.
6 Conclusions

In this contribution, we provided the evaluation results of coordinated scheduling for different CSI process configuration schemes. From the results, it is observed that
· UE specific CSI process configuration can provide channel status information that is more optimized for centralized coordination but requires relatively higher signalling overhead for exchanging CSI configuration between eNBs.
· Signalling overhead for providing CSI configuration assumptions can be significantly reduced by the eNB-specific CSI process configuration and measurement reports of neighbouring cells from individual UEs.

· The performance gain of inter-eNB CoMP is still effective in case of eNB-specific CSI process configuration with additional channel state information of neighbouring cells
· Inter-eNB CoMP eNB gain is still valid in the case that the parameter of PF factor between resource coordinator and eNB is different

· Performance gain of centralized inter-eNB CoMP is valid  even  with small packet sizes

· The benefit of inter-eNB CoMP is noticeable in high loading and large file downloading case in which users can perceive service quality actullay
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