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1. Introduction
One of the phase 2 CoMP (Cooperative Multi-Point Transmission) scenarios studied for Rel-11 is CoMP Scenario 4, in which multiple low power nodes (LPNs) are deployed within the coverage area of a macro-eNB and share the same cell ID as the macro-eNB [1]. Both eNB and LPNs could also be called  transmit point (TP).  System capacity improvement with CoMP in the Scenario has been demonstrated by simulation results and has been summarized in [1]. However, most of the studies were focused on PDSCH capacity improvement, in which frequency reuse in different LPNs is achieved through UE specific demodulation reference signals (DMRS).
In the previous RAN1 meeting, possible enhancement for PRACH and UL power control in Scenario 4 were discussed [3]

 REF _Ref303849377 \n \h . In this contribution, we provide some further discussions and views on the topic.  
2. PRACH Enhancement  in CoMP Scenario 4
2.1. Interference at LPNs
When the same number of UEs in a cell are served before and after the deployment of LPNs,  it is expected that the same PRACH configuration for the macro-eNB could still work, providing a similar PRACH capacity. However, some differences are expected with the deployment of LPNs: 
If CRS are transmitted from macro-eNB only, then everything related to path-loss estimation and uplink power control should be the same from both the macro-eNB and the UEs perspective. However, as  the LPNs may also see the PRACH signals and when the UEs are close to the LPNs, the received PRACH signal power could be excessively high. The large PRACH power could cause interference to signals from other UE which are to  be received and decoded at the LPNs 

If CRS are sent over all TPs in a SFN fashion, the calculated pathloss at the UEs may not reflect the path-loss between the macro-eNB and the UE, particularly for those UEs close to the LPNs. When a UE is close to a LPN, the calculated path-loss would be less than the actual path-loss between the macro-eNB and the UE.  As a result, the macro-eNB may see a much weak PRACH signal and thus may not able to detect the PRACH preamble successfully.  To improve the detection, PRACH detection may also need to be performed at the LPNs and the detection result may be forwarded to the macro-eNB.  The received PRACH signal power at the LPNs would generally be not as high as in the previous case when CRS are sent only from the macro-eNB, but still it could be much higher than the target received power. For example, as shown in Figure 1,  if the TX power of the LPNs is 16dB lower than the macro-eNB, then the received PRACH signal power at the LPNs could be as high as 16dB above the target received power.  Thus, interference to other signals to be decoded at the LPNs is still an issue.   Although a lower target received PRACH power may be configured in a cell, this could cause longer access time for UEs  far away from the LPNs (e.g. UEs located within 150 meters of the macro-eNB in Figure 1).  In addition, some coordination is needed at the macro-eNB to determine which detected timing and power offset from different TPs should be used in the RACH response message. 
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Figure 1: UL received signal power offset from the target received power when pathloss is derived based CRS . LPN is located 300meters away from the macro-eNB
So some kind of LPN awareness at the UEs may be needed in order to avoid excessive high PRACH interference at the LPNs. For example, with the knowledge of LPNs and their CSI-RS configurations, a UE may be able to calculate path-loss to each LPN and transmits a PRACH targeting to a particular TP, e.g. a TP with minimum path-loss to the UE.  This would result in a received PRACH signal power close to the target received power at that TP and at other TPs the received PRACH signal power is even lower .  An example is shown in Figure 2, where the received PRACH signal powers at both the macro-eNB and the LPN are equal to or lower than the target received power, depending the location of the UE. 
Although nothing could be done for legacy UEs, reducing PRACH interference from new UEs would  still be desirable. 
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Figure 2: UL received signal power offset from the target received power when path-loss to each TP is derived based on CSI-RS. LPN is located 300meters away from the macro-eNB

2.2.  Resource utilization 
 With a single PRACH configuration for the macro-eNB, a few drawbacks could be seen in terms of resource utilization:

· PRACH resources: Even though a PRACH is detected in a LPN, the corresponding RACH response still needs to be broadcast in a cell.  Based on the Rel-8 RACH procedure, for each PRACH preamble only one UE’s RACH procedure would be successful even though UEs may be spatially covered by different LPNs. 
· PDCCH and PDSCH resources:   when eNB knows that UEs sending PRACH preambles are under the coverage of a LPN,  sending a RACH response and the corresponding PDCCH over all TPs in a SFN fashion (assuming CRS are transmitted over all TPs) is not efficient in terms PDSCH and PDCCH resource utilization.   
Clearly, sending RACH response through all TPs in cell to a UE that is close to a particular LPN is not efficient in resource utilization and also could cause unnecessary inter-/intra-cell interference. To improve resource utilization and at the same time to increase PRACH capacity in Scenario 4, it would be desirable that 
· the PRACH resources could be reused in non-overlapping LPNs
· RACH response could be sent from a LPN close to a UE 
One approach to support spatial reuse of PRACH resources in Scenario 4 may be to have two non-overlapping PRACH resource configurations in a cell as proposed in [2], i.e. one for the macro-cell and another for the LPNs in either TDM or FDM fashion.  Assigning different PRACH resources for macro-eNB and LPNs would prevent interference between the PRACH targeting the macro-eNB and the PRACH targeting the LPNs. This interference could happen when a legacy UE close to a LPN transmits PRACH targeting the macro-eNB.  The PRACH configured for the macro-eNB can be used by legacy UEs and new UEs close to the macro-eNB, while the PRACH configured for the LPNs would be used only by new UEs. 
2.3. Non-Contention based PRACH transmission
For non-contention based PRACH transmission, the UL serving TP for a UE may be known to the UE either through UE specific CSI-RS configuration or through dedicated signalling to the UE.  If different preamble sequences are configured for different TPs and different RACH preamble ID (RAPID) are defined in different TPs,the PRACH configuration for the TP could be used by the UE to send PRACH with transmission power derived based on the path-loss to the TP. 
Two ways could be used for sending a PRACH response message after a PRACH preamble is detected at the TP:
· For legacy UEs or UEs configured with macro-eNB as their UL serving TP, the corresponding RACH response would be sent over all the TPs in a SFN manner
· For new UEs configured with a LPN as the UL serving TP, the RACH response could be sent over the LPN using enhanced PDCCH (E-PDCCH)  and  PDSCH with DMRS.  
This would lead to reduce inter-/intra-cell interference and increased PRACH capacity at the same time.   
2.4. Contention base PRACH transmission

For contention based PRACH transmission, an UE may not know its UL serving TP.  However, if information regarding LPNs and the corresponding CSI-RS configuration is available at the UE, for example such information is broadcasted to the UE, it may also be desirable that a UE sends a PRACH preamble targeting the closest transmission point. The closest TP can be determined based on the CSI-RS of the TP and its transmit power and the corresponding PRACH configuration for the TP can be used for PRACH transmission. This would allow the UE to use minimal transmit power for PRACH transmission with reduced interference.  

With TP specific preamble sequences and RACH preamble ID (RAPID) configured for each TP,    RACH response messages with different RAPIDs would be sent when PRACH preambles configured for different LPNs are detected.  One example of RAPID assignment could be as follows:

Macro-eNB:  
 RAPIDs  = {0,1,...,63}

LPN1:  
 RAPIDs = {0,1,...,63}+64
LPN2: 
RAPIDs = {0,1,...,63}+ 2x64

.....

In this way, UEs under the coverage of different LPNs could be served simultaneously without any PRACH contention.  
3. Conclusions

We have discussed possible PRACH enhancements for CoMP Scenario 4. The following proposals can be drawn from the discussions for further evaluations:
Proposals:

· TP specific PRACH preambles, RAPIDs,  and/or PRACH resource configuration may be supported in CoMP Scenario 4 for spatial reuse of  PRACH resources and effective power control of PRACH transmission. 
· To facilitate the TP specific RACH process, the TP specific transmit power, PRACH configuration and CSI-RS configuration could  be  signalled to UEs
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