3GPP TSG-RAN WG1#76bis


R1-141234
Shenzhen, China, 

31st March – 4th April 2014
Agenda item:
7.2.6
Source: 
IAESI, DAC-UPC
Title: 
Signaling of PDSCH and PUSCH usage for “CoMP Hypothesis” and “Enhanced RNTP”
Document for:
Decision 
1. Introduction
“Inter-eNB CoMP for LTE” WI in ‎[1] indicates that “signalling messages should be specified to allow implementing both centralized and distributed coordination focusing primarily on macro-pico heterogeneous networks but also considering macro-macro homogeneous networks.”

The scope of the CoMP WID has been limited in RAN#63, as shown in RP-140523 ‎[2]. 
In this document, the signalling on time/frequency resource is addressed in two bullets:
· 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 signalling 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.
· “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”

1. Signaling of a time/frequency CoMP hypothesis

This definition is large enough to include two possibilities:

· Signaling of the time/frequency resource allocation to be avoided by the receiving eNB. The avoidance is based on the fact that the resources are used at the transmitting eNB.
· Signaling of the time/frequency resource allocation to be used by the receiving eNB.
In addition, it should be mentioned if the hypothesis refers to DL or UL.

Conclusion 1: The signaling of the time/frequency resource shall include the indication if the CoMP hypothesis refers to the avoidance or the usage of the signaled time/frequency resource and if it is used DL or UL resource.
The required granularity of the time/frequency resource allocation depends if of the actual number of active users in a cell and as consequence will differ between heterogeneous and macro homogeneous deployments.

In heterogeneous deployments the number of users per cell is small and the traffic of the cell is highly fluctuating, being required a higher resolution of the time resource, while in Macro deployments the traffic is more steady due to the high number of served users.

So, based on the WI in ‎[1] a first priority will be to have a time resolution of a subframe (1ms) within a system frame (40ms). 
Conclusion 2: The granularity of the time resource should be one subframe.

The granularity of the frequency resource could be adapted to the LTE channel bandwidth (i.e. using subbands) or can use PRBs (Physical Resource Blocks). 
The tradeoff between these approaches is the amount of information to be transmitted over the backhaul and the backhaul bandwidth. Our preference is that the subband approach will be implemented, as the CSI feedback is only per subband.
Conclusion 3: The granularity of the frequency resource can be a PRB or a subband.
It is difficult to establish an upfront information exchange rate, as the duration of the time-frequency resource, if refers to PDSCH or PUSCH, is dependent on the actual data transmission rate. For such cases it will be the eNB decision when to transmit a new information to the cooperating eNB; this will happen typically when the use of the time/frequency resource has changed.

Conclusion 4: The information on time/frequency resource is valid until the use of resource has changed.

2. Signaling of “Enhanced RNTP”

2.1. Existing RNTP (Relative Narrowband Tx Power) and RNTP Threshold IEs
Based on TS 36.423 ‎[4], “If the Relative Narrowband Tx Power (RNTP) IE is received in the LOAD INFORMATION message, it indicates, per PRB, whether downlink transmission power is lower than the value indicated by the RNTP Threshold IE. The receiving eNB may take such information into account when setting its scheduling policy and shall consider the received Relative Narrowband Tx Power (RNTP) IE value valid until reception of a new LOAD INFORMATION message carrying an update.”

The reported bit per PRB indicates:

“Value 0 indicates "Tx not exceeding RNTP threshold". Value 1 indicates "no promise on the Tx power is given".”

The RNTP Threshold takes the values: 
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“Tx” refers to the “promised maximum value” of the transmitted power, interpretation which is enforced by the RNTP definition in TS 36.213 saying: “is the maximum intended EPRE of UE-specific PDSCH REs in OFDM symbols not containing RS”, where EPRE stands for “Energy Per RE”.
Given the 16 values of the RNTP Threshold, are needed 16 transmissions (in case that the power resolution is 1dB) to let the pair eNB to determine the present and future Tx power of the transmission per PRB.

If the eNB is surrounded by 3 neighbour eNBs, the number of messages will be almost 50 to somehow indicate the present or future transmitted power per PRB.

Observation 1: With the existing RNTP are needed 16 transmissions per pair eNB for transmitting the full information on Tx power reservation per RB (RNTP Threshold).
Not necessary the Small Cells have a policy of power reservation per PRB, which will limit the UPT (User Packet throughput).
Observation 2: Small cells may not transmit the existing RNTP, given the lack of need for power reservation.

3. “Enhanced RNTP” IE

3.1. Macro homogenous deployments

The homogenous deployments of Macro eNB are characterized by:

· High number of served UEs per eNB.
· As result, a relatively stable distribution of UEs at cell edge, cell middle and cell center.
It is obvious that the high power eNB transmissions will mainly target the cell edge UEs, while the low power eNB transmissions will be used primarily for cell center UEs.

The UE distribution statistics within the service area allows to up-front split the time-frequency resources per service area and as consequence is possible to define threshold power levels for specific time-frequency resources. This approach is well served by the existing RNTP IE (Information Element) within the LOAD message, which is currently used as a LONG-TERM power reservation mechanism per PRB.

The resolution of 1dB for the RNTP Threshold is more than sufficient; the resolution of the time information should be one subframe. In case of TDD should be paid attention to the Special subframe, which may contain DL and also UL transmissions.

Conclusion 5: For macro homogenous deployments it is needed to add the time (subframe) information and if the traffic is uplink or downlink. 

3.2. Heterogeneous deployments
The target of the heterogeneous deployments is to split the UEs between the Macro and Small Cell, such that a small number of UEs will be served by each Small Cell and also the number of eNBs served by the Macro eNB is significantly smaller as compared with the homogenous deployment.  
In this case there is no stationary distribution of the UEs in the cell edge, middle or center, and a permanent power allocation policy does not make sense. In addition, the traffic is fluctuating, requesting many or no resources allocated to a specific power level.

Observation 3

In case of heterogeneous deployments, where the number of UEs per eNB is small and the traffic is highly fluctuating, a long term reservation of power per groups of time/frequency resources does not make sense.

The difference between an approach based on static five ABSs, (feCIC TDM 5/10) and a dynamic power allocation per UE function of its position in the cell area (D-CoMP-CS) was simulated in ‎[3]. The results for a RU of about 40% are shown in Fig. 1: 
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Fig. 1 Comparison between usage of fix ABSs (TDM5/10) and collaborative scheduling (D-CoMP-CS)
The time-frequency resource allocation will change function of the simultaneously active UEs and their traffic. The power depends on the UE position in the cell (it will be maximum at cell edge). The Enhanced RNTP IE should indicate:

· Frequency allocation within PDSCH or PUSCH, with a resolution of 1 PRB or 1 subband;

· Allocated subframes within the System Frame, or as repetitive subframes within 10ms, with 1 subframe resolution;

· Actual relative transmitted power, with a resolution of 3dB (+3, 0, -3,-6, -9,-12, -15, -∞) or 1dB (+3, +2, +1, 0, -1, -2, -3, -4, -5, -6, -7, -8, -9, -10, -11, -∞), where -∞ means either zero power or release of a previously used resource.
We note that this format is suitable for both heterogeneous and homogenous deployments.

Conclusion 6: The Enhanced RNTP IE should contain the following information:
· Frequency allocation within PDSCH or PUSCH, with a resolution of 1 PRB or 1 subband;

· Allocated subframes within the System Frame or as repetitive subframes within 10ms, with 1 subframe resolution;

· Actual relative transmitted power, with a resolution of 3dB (+3, 0, -3,-6, -9,-12, -15, -∞) or 1dB (+3, +2, +1, 0, -1, -2, -3, -4, -5, -6, -7, -8, -9, -10, -11, -∞), where -∞ means either zero power or release of a previously used resource.
4. Conclusions

Conclusion 1

A number of information fields were identified for signalling of PDSCH and PUSCH usage under both “CoMP hypothesis” or “Enhanced RNTP”:

· Central channel frequency;

· PDSCH or PUSHC;

· Time-frequency resource (Subframe & PRB/Subband), resolution one subframe and one PRB or a Subband;

· Relative transmitted power, resolution 3dB (+3, 0, -3,-6, -9,-12, -15, -∞) or 1dB(+3, +2, +1, 0, -1, -2, -3, -4, -5, -6, -7, -8, -9, -10, -11, -∞), where -∞ means either zero power or release of a previously used resource.
· Type of CoMP Hypothesis: Avoidance or Usage (only for “CoMP hypothesis”)
· Acceptance/Rejection of “CoMP hypothesis” (only for “CoMP hypothesis”)
Conclusion 2

It is proposed to use the above information fields in the Liaison Letter on LTE CoMP to be sent to RAN3.
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