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1. Introduction
This contribution discusses the potential standards impact of CoMP schemes, particularly the Dynamic Point(s) Selection (DPS) schemes which could be classified under Coordinated Scheduling (CS). In the case when multiple points are dynamically selected and simultaneously transit to one or more UEs as in SU or MU operation, Joint Transmission (JT) or even Coordinated Beamforming (CB) can be applied on top of DPS as a hybrid scheme. 

After briefly discussing the DPS operations in comparison or combination with JT or CB, we suggest some text for consideration in the CoMP study report TR36.819.  Further details of the schemes along with accompanying results for Phase-2 evaluations are available in companion contributions [2] [3].
2. Dynamic Point(s) Selection (DPS)
Cell re-selection is a well-known procedure for managing mobility as UEs travel among cells. It can also be deemed as a simple way to manage interference with respect to desired signal to ensure decent (positive) long-term SINR at the UE.  Extending semi-static cell selection to Dynamic Cell Selection (DCS) allows UEs to ensure even short-term positive SINR, as long as the UE data can be made available quickly on different cells. The latter requirement is not a problem in the deployment scenario of fiber connected RRHs from macro-eNB which, along with RRH, is referred to as Transmission Points (TPs) in the context of CoMP operation. Dynamic Point Selection (DPS) is classified under JT category with the following description in the [draft TR36.819] (still under email discussion):
· Dynamic point selection (DPS): Data transmission from one point (within the CoMP cooperating set) in a time-frequency resource. The transmitting point may change from one subframe to another including varying over the RB pairs within a subframe. Data is available simultaneously at multiple points.
· This includes Dynamic cell selection (DCS)

· DPS may be combined with JT in which case multiple points can be selected for data transmission in the time-frequency resource.

Note that the last bullet depicts the case when multiple points are dynamically selected, and used to simultaneously transit to one or more UEs as in SU or MU operation. Joint Transmission (JT) from all the selected TPs, or even Coordinated Beamforming (CB) can be applied on top of DPS as a hybrid scheme if the dynamically selected TPs are further divided into subsets to serve two or more UEs as in CB. The other case of hybrid CS/CB and JT operation is mentioned in [Draft 36.819] as:
· Hybrid category of JP and CS/CB may be possible. 
· Data for a UE may be available only in a subset of points in the CoMP cooperating set for a time-frequency resource but user scheduling/beamforming decisions are made with coordination among points corresponding to the CoMP cooperating set. For example, some points in the cooperating set may transmit data to the target UE according to JP while other points in the cooperating set may perform CS/CB.
In [Draft 36.819], DPS is included again under CS/CB category with the difference from DPS under JT underlined: 

· Dynamic point selection (DPS): Data transmission from one point at a time. The transmitting point may change from one subframe to another including varying over the RB pairs within a subframe but data is never available simultaneously at multiple points.

· Semi-static point selection (SSPS): Transmission to a specific UE from one point at a time. The transmitting  point may only change in a semi-static manner

Several companies pointed out that DPS description under JT and CS/CB differs only on whether data is simultaneously available at multiple TPs or not. Not only will the use of same term cause confusion, but also it is unclear whether dynamic TP selection is feasible if the data is not made available to all potential TPs. In the case of data is not available at all TPs, it might be more feasible to perform semi-static point selection (SSPS) as listed under DPS.
Our suggestion is to

· Define CS/CB and JT based on whether the data for a UE is transmitted from (instead of “available at”) one or more TP

· Keep only one DPS description.  Categorize DPS as a CS/CB scheme when data is available simultaneously at multiple points
· Mention the possibility of combining DPS with, in the case of multiple TPs selected, JT or CS/CB

· Particular text can be found below:

·  Joint Processing (JP): data for a UE is available at transmitted from more than one point in the CoMP cooperating set (definition below) for a time-frequency resource

· Joint Transmission (JT): Simultaneous data transmission from multiple points (part of or entire CoMP cooperating set) to a single UE or multiple UEs in a time-frequency resource 

· Data to a UE is simultaneously transmitted from multiple points, e.g. to (coherently or non-coherently) improve the received signal quality and/or data throughput and/or cancel actively interference for other UEs

· Dynamic point selection (DPS): Data transmission from one point (within the CoMP cooperating set) in a time-frequency resource. The transmitting point may change from one subframe to another including varying over the RB pairs within a subframe. Data is available simultaneously at multiple points.

· This includes Dynamic cell selection (DCS)

· DPS may be combined with JT in which case multiple points can be selected for data transmission in the time-frequency resource.

· Coordinated Scheduling/Beamforming (CS/CB): data for an UE is only available at transmitted from one point in the CoMP cooperating set at any given subframe (DL data transmission is done from that point) for a time-frequency resource, but user scheduling/beamforming decisions are made with coordination among points corresponding to the CoMP cooperating set. The used point can be chosen dynamically or semi-statically

· Dynamic point(s) selection (DPS): Data transmission from one point at a time. The transmitting point may change from one subframe to another including varying over the RB pairs within a subframe but and data is never available simultaneously at multiple points.
· This includes Dynamic cell selection (DCS)

· DPS may be combined with JT in which case multiple points can be selected for data transmission in the time-frequency resource.

· Semi-static point selection (SSPS): Transmission to a specific UE from one point at a time. The transmitting  point may only change in a semi-static manner

· Hybrid category of JP and CS/CB may be possible. 
· Data for a UE may be available only in transmitted from a subset of points in the CoMP cooperating set for a time-frequency resource but user scheduling/beamforming or points selection decisions are made with coordination among points corresponding to the CoMP cooperating set. For example, some points in the cooperating set may transmit data to the target UE according to JP while other points in the cooperating set may perform CS/CB.
3. Dynamic Point(s) Selection with Muting/Silencing 
Given that the traffic data can be made available quickly in the RRH-based infrastructure that most likely will have a centralized scheduler along with the centralized data sink/source, DPS without transmission scheduling coordination seems far from optimal. An intuitive example is when a UE observes strong signals from two TPs (say 15dB SNR each that results in an SINR of 0dB) on the allocated RBs. Clearly a simple TP selection will not able to improve the SINR, but a further scheduling coordination by muting the “interfering” TP’s transmission on those particular RBs can result in a much improved SINR of 15dB in the above example. The “unused” Tx power of the interfering TP is not lost but can be used on other RBs allocated to other users. 

The name DPS itself does not suggest whether any scheduling coordination is applied, or just a simple selection of the TP without effort to sharp the transmission from each TP. So we suggest:

· Acknowledge the dynamic muting aspect of the DPS by possibly re-naming the scheme as Dynamic Point(s) Selection and Silencing (or Muting) i.e., DPSS, as a further generalization of DPS that naturally falls under the framework of CS schemes. 
The following figure further illustrates the concept.  
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Figure 1 – Example Resource and UE Allocation among the cells in the co-ordination cluster

The figure shows an example DPSS scheme with five coordinating cells each with four FDM partitions. In this case, UEs 1 and 2 are assigned resources in cell 1, which transmits in all its resource partitions. UE 1 sees significant interference from cell 2; hence cell 2 is muted on resource where cell 1 transmits to UE 1. Similarly, UE 4 sees significant interference from cell 3 and corresponding resource is also muted. Cell 4 is muted on all resource, as it has significant interference to all selected UEs (1-7), while Cell 5 transmits in all partitions as it does not interfere significantly with UEs 1-6. More generally, a scheduler can perform the selection of users and cell association and cell muting over a set of FDM partitions as shown in the figure.
TP silencing/muting here in DPS is just a special case of more generic power control (i.e., as a two-state power allocation) and interference mitigation is performed in the power and frequency domain. On the other hand, the Almost Blank Subframe (ABS) concept in eICIC operation is based on a pre-determined semi-static coordination (silencing) in time, while JT and CBF further exploit the space domain in interference mitigation. For the sake of convenience, we capture their characteristics in the table below:
	Interference Coordination (IC) concepts
	Time Domain
	Frequency Domain
	Space Domain
	Slow/Fast
	Enabler
	Post-IC CQI required

	“ABS” in eICIC
	yes
	
	
	Semi-static
	eNB pre-planned
	Yes (Rel-10 subframe-restricted CSI)

	DPSS
	
	yes
	
	Dynamic
	UE TP selection
	Important

	CBF
	
	
	yes
	Semi-static or dynamic 
	Semi-static TP selection + UE spatial info feedback (long-term or short-term). No inter-TP phase info.
	Important

	JT
	
	
	yes
	Dynamic
	Semi-static/dynamic TP selection + UE spatial info feedback (short-term) +  inter-TP phase info
	Important


We can make the following points at a high level:
· eICIC-ABS, DPSS, CBF, and JT all have focus on different domains to perform interference coordination. They can be certainly combined with each other, as long as the incremental gain is needed/justified in light of feedback overhead.

· While time or frequency domain based method provides orthogonality among otherwise mutually interfering users, IC based on space domain often depends on the accuracy of spatial channel information.

· In the case of interference limited scenarios, which can be the main interest for CoMP, the majority portion of the IC gain can be achieved with relatively simpler approach like eICIC-ABS or DPSS while JT may provide some incremental gain. In the previous example of 2 TPs with 15dB SNR each arriving at the UE, DPSS (i.e., muting) may achieve SINR of 15dB already (from 0dB when without any coordination). JT essentially delivers another 3dB gain to that UE, which could still be important especially if that 3dB gain enables an increase of the transmission rank or MU-MIMO as long as the spatial channel information feedback is accurate and prompt. However, the jump from 0dB to 15dB as allowed in DPSS by muting the strongest interfering TP without any further feedback overhead seems to be already a dominant part of the CoMP gain.  

· In all cases, the importance of having a CQI that matches the post-IC channel quality is obvious.

The initial evaluation of the performance gain of DPSS can be found in the companion paper [3], where we observed 10-15% gains over Non-CoMP schemes with full buffer traffic models. 
3.1. Potential Standards Impact of DPSS

Broadly speaking, DPSS can be realized by the two options (in FDD example) [3]
1. UE reports dynamic channel condition corresponding to each TP, which allows the scheduler to decide the TP subset. Such operation is easier to envision if based on semi-static channel condition like RSRP. But for dynamic decision making, it needs further study as to the exact metric for a time-frequency resource for selecting TP(s). One could think of multiple CQI corresponding to multiple TPs (one TP at a time with all others muted) or more generally one CQI for each possible TP subset. 

2. UE reports one or more recommendation of TP selection dynamically, based on their corresponding post-CoMP CQI

It seems to us that both options need further study, even though the second option appears to be requiring smaller overhead than the first option. For the second option, TP selection can be viewed as a kind of “mode recommendation”. We suggest the following text revisons:
· In section 5.2 “ Radio Interface Specification Areas”, make the following addition:

- Channel state information feedback or dynamic point(s) selection recommendation from the UE and measurement mechanisms at the UE

-
Reporting dynamic channel conditions between points in the CoMP measurement set and the UE

-
For TDD, channel reciprocity may be exploited

-
Reporting to facilitate the decision on the set of participating transmission points, including the point(s) selection recommendation from a UE
-
For TDD, channel reciprocity may be exploited

For the DL signaling support for DL CoMP (section 5.2.1), eNB may not need to notify the UE of the TP selection for DRS based demodulation. However, for CQI reporting purpose, TP selection information may be needed as part of the DL signaling. We suggest the following text revision:

· In section 5.2.1 “DL signaling support for DL CoMP”, under “Semi-static or dynamic signaling.of relevant parameters, e.g.”

· For fast re-selection of points/cells Point(s) selected
· In section 5.2.2 “Channel state information feedback for DL CoMP”

DPSS: Dynamic point selection requires similar CSI feedback as CS/CB in the sense of no inter-point phase information is required (some additional CQI report targeting other points may be needed). DPSS may also require UE recommendation on selected point(s).
· In section 5.2.2.2 “Implicit feedback”

There may be a need for the UE to convey to the network the hypothesis or hypotheses used (explicit signaling of hypothesis to eNB) or the recommended hypothesis. And/or, there may be a semi-static hypothesis configuration e.g. grouping of hypotheses (explicit signaling of hypothesis to the UE). And/or, precoded RS may be used to allow UE to generate refined CQI/RI feedback
4. Miscellaneous Comments 
A few other miscellaneous comments on draft TR36.819 are included in the following:

· In section 5.2.3, we noted that the decision of transmission points are in general an eNB decision that is agnostic to UE especially with the DRS, so we suggest the following text revision:

· In section 5.2.3 “Decision on CoMP sets”

The CoMP cooperating set and the transmission points would be determined in the higher layers based on the CSI measurement of points included in the CoMP measurement set. Depending on the level of coordination, the cooperating set could be determined at the RRC level or at the MAC scheduler level. 

· In section 5.4, we noted that receiver implementation, especially in terms of interference cancellation capability, can influence the post-CoMP CQI and thus the UE recommendation/report and decision making at eNB, in terms of transmission modes. So we suggest the following text revision:
· In section 5.4 “ Receiver Implementation Consideration Aspects”

Coordinated transmission or coordination mode recommendation in support of interference aware receivers may improve the UE interference estimation possibilities, leading to further improved cell edge performance. The signaling needed for such coordinated transmission techniques or coordination mode recommendation may require specification changes.

5. Conclusions

This contribution discusses the potential standards impact of Dynamic Point(s) Selection and Silencing (DPSS) which could be classified under Coordinated Scheduling (CS). Our suggested text revision/addition to current Draft TR 36.819 as highlighted in bold and italic text are also included for consideration.
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