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1. Introduction
One of the two Phase2 CoMP (Cooperative Multi-Point Transmission) scenarios understudy for heterogeneous network in Rel-11 is CoMP Scenario 4 [1], 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.  This scenario was extensively discussed in the last three RAN1 meetings (RAN1#63bis to RAN1#65) such as in [2] to [9].
In this contribution, we discuss some possible enhancements for PRACH and UL power control in Scenario 4. 

2. PRACH Enhancement for CoMP Scenario 4
One potential issue with PRACH transmission in CoMP Scenario 4 is the lack of cell splitting gain in terms of  PRACH capacity when LPN and eNB share  a single cell ID.  Another related issue is to determinePRACH initial transmit power in presence of LPNs. 
2.1. Spatial Reuse of PRACH Resources in Scenario 4
Since LPNs in Scenario 4 share the same cell ID as the macro-eNB, a single set of PRACH preambles would be defined if the rule in Rel-8 or Rel-10 is applied.  When the same PRACH preamble sequence on the same PRACH time-frequency resource is transmitted from different UEs, although collision may not happen if the UEs are covered by different LPNs, at most one UE may be successful in completing its PRACH procedure. This is because the same RA-RNTI and the same RAPID would be used in the corresponding PRACH response messages (RARs) based on the Rel-8 RACH procedure and after PRACH contention resolution stage, at most one UE would be successful.

To increase PRACH capacity in Scenario 4, it would be  desirable that the PRACH resources could be reused in non-overlapping LPNs.   However, simply assigning different sets of PRACH preambles to different LPNs does not solve the problem automatically if RAR is broadcast in a cell and the same RA-RNTI to PRACH resource mapping is used.  Two options for spatially reuse of PRACH resources in Scenario 4 are discussed below. 
2.1.1. Per Transmission Point  PRACH Configuration in Scenario 4 

One approach to support spatial reuse of PRACH resources in Scenario 4 is to have two non-overlapping PRACH resource configurations in a cell, i.e. one for the macro-cell and another for the LPNs as shown in Figure 1, where two different PRACH subframes are allocated to macro-cell and LPNs. All LPNs share the same PRACH subframe configuration but different LPNs are assigned with different PRACH preamble sequences.   

[image: image1.png]Frequency

One subframe

Time

- PRACH subframes configured for Macro-eNB
PRACH subframes for TPs other than the Macro-eNB, PRACH of

different TPsuses different root sequences

PRACH

} bandwidh




Figure 1:  An example of PRACH configuration in a cell with multiple TPs sharing the same cell ID

Assigning different PRACH resource would mitigate the interference between the PRACH targeting the macro-eNB and the PRACH targeting the LPNs. The PRACH configured for the macro-eNB is used by legacy UEs as well as new UEs, while the PRACH configured for the LPNs would be used by only the new UE. With different PRACH preamble sequences assigned to different LPNs,  PRACH contentions  among  different UEs served by different LPNs could be avoided by transmitting RAR locally from a LPN for new UEs. 

Due to the per transmission point (TP) PRACH configuration,  eNB is able to recognize new UEs at PRACH detection and thus a corresponding PRACH response message  to a new UE could be sent over the closest LPN to the UE. This would allow the reuse of PRACH resources in non-overlapping LPNs  and thus  PRACH capacity increase in a cell.   

An example is shown in Figure 2, where one macro-eNB (TP0) and two LPNs (TP1 and TP2) are shown in a cell.  UE1 and UE2 are Rel-11 UEs and are close to TP1 and TP2, respectively.  UE1 would send its PRACH using the PRACH configuration for TP1 and it would be detected only by TP1. A RAR would be sent to UE1 from only TP1.  Similarly, UE2 would send its PRACH using the PRACH configuration for TP2 and the corresponding RACH response would be sent over only TP2.  UE0 is a legacy UE and would transmit its PRACH using the PRACH configuration for the Macro-eNB and the RAR would be sent from both the Macro-eNB and the two LPNs assuming CRS are transmitted over all the three TPs.  

When a Rel-11 UE sends a LPN specific PRACH preamble, the UE would try to detect RAR in the E-PDCCH region.  Since the PRACH response is sent locally over a LPN at which the PRACH is detected, the same PRACH resource could be reused by different LPNs, which could increase the overall PRACH capacity when the LPNs have non-overlapping coverage areas and also reduce interference in a cell. 

A Rel-11 UE could also use the PRACH configuration for the Macro-eNB, in which case, the PRACH response would also be broadcast in the cell. There is no change on PRACH procedure for legacy UEs. 
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Figure 2: An example of PRACH transmission in a cell with multiple TPs sharing the same cell ID. 

2.1.2. PRACH Detection in Scenario 4

Macro-eNB detects PRACH preambles in the same way as in Rel-8 to Rel-10.  For LPNs, some additional PRACH detection function could be performed, i.e. each LPN would perform PRACH detections based on two sets of PRACH preambles, i.e.

· PRACH preambles configured for the TP  
· PRACH preambles configured for the Macro-eNB
When a PRACH is detected, a PRACH response (RAR) message would be sent over the same antenna ports as CRS if the detected PRACH preamble is configured for the Macro-eNB. Otherwise if the detected PRACH preamble is configured for a LPN, the RAR and the corresponding PDCCH shall be sent from the LPN over which the PRACH is detected. The corresponding PDCCH would be send using the enhanced PDCCH (E-PDCCH) with DMRS demodulation [10]
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[11] .
2.1.3. RA-RNTI Assignment 
The same relation of RA-RNTI to PRACH time-frequency resource in Rel-8 may be used in Scenario 4.  However, when LPNs have coverage overlap, two UEs in the overlapping region may receive RARs with the same RA-RNTI and the same RAPID from different LPNs.  In that case, at most one of the UE can complete the PRACH procedure successfully. To increase the success rate, different RA-RNTI to PRACH time-frequency resource mapping may be used for LPNs.  One example would be to add a LPN specific RA-RNTI offset such that different RA-RNTI would be assigned for PRACH configured in different LPNs.  In this way, the two UEs would receive two RARs with different RA-RNTI, one for each UE, and both UE could be successful in their PRACH procedures.
2.2. Initial PRACH Transmission Power in Scenario 4

During initial PRACH transmission, it is desirable that a UE sends a PRACH preamble targeting its closest transmission point with minimal transmit power. This would reduce interference in a cell and also save a UE’s battery power.  

After having acquired PSS/SSS and other system information of a cell in the DL, a UE would decode the number of LPNs deployed in the cell as well as other configuration information for each LPN, including CSI-RS configuration, PRACH configuration including PRACH resource and preamble and transmit power of each LPNs.   The UE can then perform CSI-RS detection and estimate the received signal strength (RSS) for each LPN.   Based on both the RSS and the transmit power of each LPN, the UE can estimate the DL path loss to each LPN.  The UE can then determine the closest transmission point (TP) and use the corresponding PRACH configuration of the TP for PRACH transmission.

After the closest TP is determined, the DL path loss to the TP can then be used by the UE to calculate its PRACH transmit power as follows

PPRACH = min{ Pcmax,  PREAMBLE_RECEIVED_TARGET_POWER + PL_min}
where Pcmax is the configured UE transmitted power and PL_min (in dB)  is the downlink path loss estimated by the UE to the closest TP.  PREAMBLE_RECEIVED_TARGET_POWER is the target received PRACH power at the TP. 

For legacy UEs, the PRACH configuration for the macro-eNB is always used for PRACH transmission.  

3. UL Power Control Design for CoMP Scenario 4
UL power control in CoMP was discussed in a couple of previous contributions [12]
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[13].  Similar to PRACH transmission, we think that it is desirable for a UE to send UL signals/channels to a closest TP to save UE’s battery power and to reduce interference.  For that purpose, the CSI-RS configuration as well as transmission power for each TP needs to be broadcast in a cell for Rel-11 UEs to estimate the path loss from each LPN. After having the path loss between the UE and each TP, the UE could perform UL power calculation based a UL reference TP determined with the following options:

3.1. UE determined reference TP 
The TP with the minimum path loss to the UE could be selected as the reference TP for uplink power control. The corresponding path loss as well as the target received power if configured for the TP are then used for UL power calculation at the UE. With this option, minimum transmit power would be used by the UE and maximum power saving can be achieved.  
The TP chosen for its uplink power control may need to be signalled to the eNB from the UE, The eNB could override the TP chosen by the UE and signal the UE to use a different TP as reference for uplink power control.  
3.2. eNB determined reference TP
Alternatively, the reference TP could be determined by the eNB based on the received signal strength or SINR at different TPs from a UE. For example, the TP with the strongest received signal or the highest SINR could be selected as the reference TP.  The eNB then signals the TP to the UE.  The reference TP for a UE could be indicated together with other UE configurations such as  CSI-RS configuration index as shown in Table 1, where the DL serving TP for a UE is indicated as TP0 while the UL reference TP is indicated as TP1. The DL serving TP may not need to be signalled to the UE explicitly as it can be represented by the non-zero transmit power  CSI-RS configuration for the UE. The UL reference TP could be a number of TPs, in which case, the uplink power control could be calculated based on averaged path loss from these TPs.
Table 1: An example of reference TP configuration and signalling for a UE
	
	TP0
	TP1
	TP2
	...

	CSI-RS configuration
	CSI-RS config x, 
	CSI-RS config y
	CSI-RS config z
	...

	DL serving TP 
	√
	
	
	...

	UL reference TP 
	
	√
	
	...


4. Conclusions

We have discussed possible PRACH and UL power control enhancements for CoMP Scenario 4.  The following proposals can be drawn from the discussions for further evaluations:
Proposals:
· LPN specific PRACH preambles and/or PRACH resource configuration may be supported in Scenario 4 for spatial reuse of  PRACH resources
· A reference TP may be signalled by eNB for UL power control and power headroom reporting in Scenario 4. The TP may also be derived at a UE based on DL path loss. 
· The TP specific transmit power, PRACH configuration and CSI-RS configuration may be  broadcast in a cell
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