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1. Introduction
The CoMP SID [2] was significantly updated in the last RAN plenary. Non-traditional deployment scenarios such as heterogeneous networks and/or distributed RRUs within a single cell are now explicitly included with the aim of investigating CoMP for a wide range of deployment scenarios. 

Meeting TSG RAN1 #63bis marked the beginning of renewed efforts on investigating CoMP as part of the study item [2]. According to RAN1 conclusions, the studies are organized into two phases. In a first phase CoMP for homogeneous scenarios will be studied to evaluate potential gains. In a second and later phase, CoMP for heterogeneous deployments will be assessed. 
During the last meeting extensive discussions on simulations were carried out on numerous occasions, resulting in the CoMP simulations assumptions document [3]. Since last meeting, additional discussions over the email reflector have further progressed the issue of simulation assumptions. 

There are basically four different scenarios agreed to be studied. The scenarios are numbered from 1 to 4 in [3] and can be broadly classified into homogeneous and heterogeneous deployments as follows

· Homogeneous deployments

· Intra-site CoMP (Scenario 1)

· Inter-site CoMP (Scenario 2)

· Heterogeneous deployments

· A multiple cell-id approach: a separate cell-id for each point (macro or pico) within the coverage area of the macro point (Scenario 3)

· A shared cell-id approach: all points (macro and picos) within the coverage area of the macro point share the same cell-id (Scenario 4)

An underlying assumption in all four scenarios during this part of the study item is the presence of inter-point communication with zero-latency and infinite capacity, typically thought of as deployment of RRUs except for obvious reasons in the intra-site CoMP case.  

The shared cell-id approach in Scenario 4 was extensively discussed during last meeting. This contribution gives an overview of this new way of introducing a heterogeneous deployment and discusses its benefits and possible standard impact.

2. A Shared Cell-ID Approach for Heterogeneous Deployments
A heterogeneous deployment according to Rel-10 eICIC principles uses a separate cell-id for each transmission/reception point. Different sync, broadcast and UE-specific control channels are thus transmitted from each point. Signals from a macro point belong to a different cell than signals from the pico points, which in turn form individual cells. Such a multiple cell-id heterogeneous deployment is illustrated in Figure 1. Note that this corresponds to Scenario 3 in the CoMP study item if the pico points represent RRUs and are connected with fast fiber to the macro point.
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Figure 1: A Rel-10 eICIC multiple cell-id heterogeneous deployment.

Just as Scenario 3, Scenario 4 in the CoMP study item also addresses heterogeneous deployments. But instead of using a separate cell-id for each point, all the points (macro as well as picos) within the coverage area of a macro point share the same cell-id, i.e., they belong to the same cell. The shared cell-id approach is illustrated in Figure 2 for a scenario where the pico points are RRUs connected with fiber to a central basestation that also handles the macro point. It is important to realize that adding pico points to an existing macro deployment does not increase the area covered by a cell. So the deployment of additional pico points does not lead to problems normally associated with increasing the area of a cell. 
Observation

· All points (macro and picos) within the macro point coverage area share the same cell-id

· All points within the macro point coverage area belong to the same cell

· The cell area remains the same as for the macro network

· Adding pico points does not increase the cell area
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Figure 2: A heterogeneous deployment where the macro and pico points share the same cell-id (i.e., belong to the same cell).
2.1. Transmission of Cell Specific Signals and CRS based Control Channels
The shared cell approach can be implemented by distributing the same cell specific signals on all points (within the macro point coverage area). With such a strategy, the same synch channels (PSS/SSS), CRS, broadcast (PBCH) and all other CRS based control channels (PDCCH, PCFICH, PHICH) are distributed to and transmitted from each point. Other ways of distributing the signals are of course possible, but not the focus in this contribution, including transmitting only from the macro. Figure 3 depicts an example showing the signal distribution from the macro point over fiber to a pico point. As an example, two CRS based antenna ports (Antenna port 0 and 1) are used within the cell to support up to 2-layer transmission to a single UE. 
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Figure 3: SFN type of distribution and transmission of the same sync, CRS and CRS based control channels.

The cell specific signals are combined over air resulting in an effective 2xNR channel as seen by a UE with NR receive antennas. The combining is similar to what is encountered in single-frequency networks (SFN) for broadcast. Due to the SFN effect, the average received signal strength on the UE side increases, leading to improved coverage of the sync and control channels. As a result, the capacity of the control channels also improves but unlike a multi cell-id approach there is no area splitting gain (formerly known as “cell” splitting gain) for control (but data enjoys area splitting gain, as will be evident in a later section) since the same signals are transmitted from all points. On the other hand and in contrast to a multi cell-id strategy, there is no need for sophisticated CRS and control channel cancellation in the UEs so all UEs, including Rel-8/9/10, improve their performance even when they are served by a pico point while receiving a stronger signal from the macro point, i.e., located in the range extension zone of a pico point. 
Observation
· Sync and control channels combine over the air – SFN type of transmission
· Improved coverage of sync and control channels for all UEs (Rel-8/9/10+)
· Improvement even in range extension zone without advanced CRS and control channel cancellation schemes
2.2. Transmission of the Data Channel (PDSCH)
Transmissions on PDSCH that are based on CRS are distributed in a similar manner as for the other cell specific signals. Hence, a PDSCH is distributed to, and transmitted from, all points as illustrated by the green arrows in Figure 4. The received signal level is consequently improved via an SFN effect without relying on area splitting gains. Similarly to the control channels, this SFN benefit may be enjoyed by all UEs configured for CRS based PDSCH transmissions. In particular, it is enjoyed by all Rel-8/9 UEs, which for FDD typically only support CRS based transmissions.

Observation
· PDSCH transmissions based on CRS are transmitted from all points with combining over the air – SFN type of transmission
· Improved data rates also for legacy Rel-8/9 CRS-only UEs

· Improvement even in range extension zone without advanced CRS and control channel cancellation schemes
· No area splitting gain with this particular kind of SFN-like transmission
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Figure 4: Transmission of PDSCH. Green arrows represent CRS
based transmissions and orange and blue arrows transmissions using UE-specific RS.
UE-specific RS offers great and important flexibility in that the way the transmission is conducted is transparent to the UE and hence becomes an eNodeB implementation issue. The eNodeB can quickly from one subframe to another even switch antennas without the UE knowing about it. This flexibility was a prerequisite for the MU-MIMO techniques in Rel-10 that rely on flexible precoding and can now be exploited in the present shared cell-id approach for re-using the same time-frequency resources on multiple points within the cell. Resource re-use is for both FDD and TDD available for Rel-10 UEs and onwards, which support UE-specific RS. Thus, the RBs used for one UE receiving a PDSCH from pico point A can be re-used by another UE receiving a PDSCH from pico point B, as long as pico point A and B are sufficiently well-isolated from each other. Note that this re-use of resources across points provides area splitting gains. But SFN type of gains are also possible by transmitting the same PDSCH based on UE-specific RS from multiple points, i.e., utilizing a form of joint transmission CoMP. There is hence total flexibility in the scheduler to seamlessly exploit area and SFN gains for maximum performance. 
Observation

· PDSCH transmissions based on UE-specific RS can re-use time-frequency resources across the points

· Rel-10 and later UEs use transmission mode 9 (and possible descendents thereof)
· Sufficiently well-isolated points can co-schedule different PDSCHs on the same resources

· Area splitting gains achieved for data
· PDSCH with UE-specific RS can be transmitted from a set of points to enjoy SFN type of gains
· Corresponds to the family of joint transmission CoMP techniques

· Seamless and dynamic exploitation of area splitting and SFN type of gains
The shared cell-id approach is ideally geared towards the use of joint transmission. Since the joint transmission operation is kept within the same cell, there are no problems with CRS colliding with the PDSCH mapping or differences in control region sizes between different cells. Investigations of joint transmission are therefore better focused on the heterogeneous shared cell-id scenario unless it can be clarified how to efficiently avoid those problems in a multiple cell-id setting.

Observation

· Joint transmission faces challenges with respect to the PDSCH mapping when a multiple cell-id approach is used in homogeneous as well as heterogeneous deployments
· Typically different CRS shifts in the cells associated with the points from which the joint transmission takes place

· Typically different control region sizes in the cells associated with the points from which the joint transmission takes place

Proposal

· Focus joint transmission investigations on the shared cell-id scenario to avoid issues with CRS and control region collisions
2.3. CSI Feedback
Since the NCRS different CRS based antenna ports are in the presently considered scenario transmitted from all points, it follows that all Rel-8/9 UEs only supporting CRS see an effective SFN improved NCRS x NR channel regardless of the actual number of transmission points. For those UEs, the UE CSI feedback is also based on CRS meaning that the PMI/RI and CQI characterizing the SFN improved NCRS x NR channel is reported. When a UE is close to a macro/pico point, the effective channel is heavily dominated by the channel from that nearby point and the CSI feedback is essentially targeting the properties of that channel. As a UE moves across the cell area, the feedback sometimes corresponds to a combination of the channels from multiple points. 
Observation

· CSI feedback reporting for CRS-only Rel-8/9 UEs captures the characteristics of the SFN improved effective channel.

Rel-10 UEs and beyond support UE-specific RS as part of transmission mode 9 and UE CSI feedback in transmission mode 9 is based on CSI-RS. In contrast to CRS, CSI-RS does not affect other fundamental parts of the system such as control signaling so there is greater flexibility in how to operate it. RRC configuration of CSI-RS can for example easily be made UE-specific. Under such circumstances it makes sense to let each point transmit CSI-RS on a separate CSI-RS resource. Since the re-use factor for CSI-RS is high, there are good opportunities of maintaining perfect orthogonality within the cell if desired. The eNodeB handling the joint operation of all the points within the macro point’s coverage area can then configure the CSI-RS resource that a particular UE should use when estimating the channel for CSI feedback. A UE sufficiently close to a point would typically be configured to measure on the CSI-RS resource used by that point. Different UEs would thus potentially measure on different CSI-RS resources depending on the location of the UE in the cell. The CSI-RS configuration procedure may be based on measurements of uplink signals. Signals to measure on include SRS and PUCCH. 
Observation
· Rel-10 UEs and later use CSI-RS based feedback as part of transmission mode 9

· Each point transmits on a separate CSI-RS resource (corresponding to a CSI-RS configuration in 36.211)
· Exploits the high re-use factor of CSI-RS

· Points sufficiently well-isolated from each other can re-use the same CSI-RS resource if desired
· eNodeB RRC configures the CSI-RS resource each UE should measure on based on measurements of uplink signals
· UE-specific RRC configuration of CSI-RS should be supported
[image: image5.emf]CSI-RS 

configuration 0

CSI-RS 

configuration 1

CSI-RS 

configuration 2

CSI-RS config 0

↓

CSI-RS config 2

CSI-RS config 1

CSI-RS config 0

CSI-RS config 0

CSI-RS 

configuration 0

CSI-RS 

configuration 1

CSI-RS 

configuration 2

CSI-RS config 0

↓

CSI-RS config 2

CSI-RS config 1

CSI-RS config 0

CSI-RS config 0


Figure 5: Use of CSI-RS within the cell. Each point transmits CSI-RS on its own resource and UE-specific RRC configuration ensures the UE measures on the CSI-RS resource corresponding to the “closest” point.
2.4. Benefits with the Shared Cell-ID Approach for Heterogeneous Deployments with Distributed RRUs
For the presently studied case of distributed RRUs, the shared cell-id approach has several benefits compared to the Rel-10 eICIC approach of a separate cell-id for each point. Obviously, many instances of handovers are avoided since the pico layer shares the same cells as the macro layer. It might be worth keeping in mind that if networks are densified by means of pico points forming individual cells, the number of handovers may increase dramatically. 
Observation

· The shared cell-id approach avoids handovers within the macro cell area

· The number of handovers could be considerably reduced, especially if aggressive use of range extension is employed 
Because all the signals within the macro point coverage area are from the same cell, orthogonality is maintained even between the macro and pico layer. Problems with severe interference problems from sync, CRS and control channels are automatically avoided. Hence, there is no need to rely on advanced cancellation schemes in the UE, which is a definite advantage since cancellation is anyway not perfect – it is better to avoid introducing interference in the first place than trying to mitigate it once it is there. 
Heterogeneous deployments for TDD based on the Rel-10 eICIC approach seems particularly challenging considering that it is typically difficult to introduce a subframe offset between the macro and pico layer for avoiding sync-to-sync and PBCH-to-PBCH interference. Using the shared cell-id approach thus provides an efficient way of supporting heterogeneous deployments also for TDD networks.
Observation
· The severe sync, CRS and PBCH interference otherwise coming from the macro point in the Rel-10 eICIC multi cell-id concept is automatically avoided by using a shared cell-id approach
· Interference problem when using separate cell-id for different points are even more challenging for TDD where subframe shift between macro and pico layer is not possible
· No need to rely on advanced cancellation schemes for CRS, sync and PBCH in the UE

· Cancellation anyway not perfect

In Rel-10 eICIC, the resource partitioning between macro and pico layer is purely in the time-domain on a whole subframe basis. The partitioning is thus rather coarse. A shared cell-id deployment on the other hand offers dynamic and fine granular resource partitioning both in time and frequency, basically allowing scheduling decisions to be taken on an RB to RB basis at a subframe level rate. This optimizes the network operation by allowing resources to seamlessly and dynamically be allocated among the layers to adapt towards the instantaneous and relative traffic needs of macro/pico. Considering the often quick variations of the traffic characteristics such support for dynamical and seamless scheduling flexibility is an advantage. 
Scheduling restrictions encountered in Rel-10 eICIC are avoided. For example, there is a natural support for scheduling transmissions on the macro and pico layer at the same time, even for Rel-10 and earlier UEs. Scheduling restrictions due to control signaling for uplink retransmissions blocking subframes for some pico UEs are also avoided.
Observation
· Fine granular and dynamic resource portioning between macro and pico layer
· Both in time and in frequency
· Seamless adaptation towards the dynamically changing relative traffic needs of macro/pico

· Avoids scheduling restrictions

· Simultaneous and orthogonal transmissions on macro and pico layer naturally supported

· Macro uplink retransmissions do not block subframes for pico UEs in range extension zone
Another benefit of the shared cell-id approach is that it decouples the operation of the uplink with that of the downlink. In the conventional Rel-10 eICIC techniques, the use of path-loss based cell selection in the uplink immediately leads to substantial problems for the downlink in that UEs no longer are necessarily served by the strongest transmission point. This is unfortunate since a heterogeneous deployment is sometimes primarily motivated by improving the uplink while the downlink performance provided by the macro point is already more than sufficient. Even if no handover bias is employed for achieving path-loss based cell selection, path-loss based selection of reception point in the uplink is still possible with the multi cell-id approach. However, that would imply that the same reception point has to handle receiving signals corresponding to different cells, which is more complicated and less efficient than if all the signals are fully compatible, as when they are associated with the same cell. 

Observation
· Decouples uplink and downlink from each other

· For example useful in heterogeneous deployments targeting solving uplink problems without touching an already well-working downlink
· Enables path-loss based reception point selection in uplink while avoiding necessarily creating a severe macro to pico interference problem in downlink

· Uplink signals fully compatible as part of the same cell
3. Flexible CSI Feedback Measurements for CoMP

Feedback representing CSI for multiple transmission points may be needed for efficient CoMP operation. To ensure efficient system operation also in the future, it is important that such feedback functionality is able to handle many different kinds of deployments, including new heterogeneous deployments using a shared cell-id approach. Such flexibility towards new as well as more conventional deployments types can be easily ensured by avoiding tying the CoMP measurement set to cell-ids – regardless of the deployment type the UE only needs to know how and where to measure. Which cells the CSI-RS resources are associated with is irrelevant. Commonly used terminology such as “per cell” or “multi-cell” feedback/measurements is in this context not appropriate since such terminology tacitly assumes there is a unique cell-id for each point.
Observation
· A CoMP CSI feedback design should be able to handle many different deployment types, including efficient support for shared cell-id deployments

· Avoid tying CoMP measurement set to cell-ids – such dependency anyway not necessary

· Terminology such as “per cell” or “multi-cell” feedback/measurements not appropriate since functionality should be independent from which cells are involved

The current definition of CoMP measurement set in 36.814 is as follows:

CoMP measurement set: set of cells about which channel state/statistical information related to their link to the UE is reported as discussed in section 8.1.3
Since the definition of CoMP measurement set accidentally mentions cells, a new term capturing only the essence, that is important for the measurements, is needed. It would therefore be better to instead use a new term like CSI-RS measurement set. The CSI-RS measurement set is defined as the set of CSI-RS resources the UE is measuring on for (CoMP) CSI feedback. A zero-power CSI-RS set is similarly defined for muting. Note that a CSI-RS resource corresponds to a CSI-RS pattern (covering 1, 2, 4, or 8 CSI-RS antenna ports) in a specific subframe.
The set of transmission points a UE receives significant signals from differs from UE to UE. The CSI-RS measurement set thus needs to be configured in a UE-specific manner. It follows that also the zero-power CSI-RS set needs to support UE-specific configuration since muting patterns need to be configured in relation to the resources used for CSI-RS. Configuration parameters include CSI-RS sequence, number of CSI-RS antenna ports, CSI-RS configuration (patterns), and data to CSI-RS EPRE ratio.
Proposal

· Definition of a CSI-RS/zero-power CSI-RS resource

· A CSI-RS/zero-power CSI-RS pattern (covering 1, 2, 4, or 8 CSI-RS antenna ports) in a specific subframe

· Definition of CSI-RS measurement set

· Set of CSI-RS resources a UE is measuring on for (CoMP) CSI feedback

· Definition of zero-power CSI-RS set

· Set of zero-power CSI-RS resources configured for a UE

· If CoMP CSI feedback is supported
· UE-specific configuration of CSI-RS measurement set 
· For each CSI-RS resource, parameters to configure a specific UE includes CSI-RS sequence, number of CSI-RS antenna ports, CSI-RS configuration (patterns), periodicity, subframe offset and data to CSI-RS EPRE ratio
· UE-specific configuration of zero-power CSI-RS set
· Parameters to configure a specific UE includes at least bitmap of zero-power CSI-RS configurations (patterns), periodicity and subframe offset
4. CoMP for Enhanced UE Specific Control Channels
Enhanced capacity for UE specific control channels is an area that in general deserves further attention, for homogeneous as well as for heterogeneous deployments. As will be seen shortly, introducing such enhancements could easily provide area splitting gains of the control channels in the shared cell-id approach.

One of the most important consequences of Rel-10 is the wide-scale acceptance of UE-specific RS for both TDD and FDD. UE-specific RS is especially important for CoMP since it makes the transmission points transparent to the UE from a PDSCH demodulation perspective, giving needed flexibility in the scheduling and precoding. Utilizing UE-specific RS instead of CRS also enables the possibility to avoid interference from CRS, which is harmful not only for heterogeneous but also for homogeneous deployments. 
Observation

· As of Rel-10, LTE started transforming from a CRS centric design towards a design centered around UE-specific RS

· Flexible and transparent towards future deployments and antenna setups
· Provides opportunities to avoid detrimental CRS interference for heterogeneous as well as homogeneous deployments
In contrast to PDSCH, the UE-specific control signaling on PDCCH and PHICH is however still using CRS, thus strongly limiting the flexibility in using those control channels. Furthermore, use of PDSCH in MBSFN subframes for CoMP and heterogeneous deployments reduces the PDCCH capacity since only a maximum of two OFDM symbols can be allocated for control in such subframes. To enhance capacity and coverage of control signaling, CoMP, MU-MIMO and beamforming techniques should be applicable also to PDCCH/PHICH by considering introducing UE-specific RS also for these channels. The use of UE-specific RS for PDCCH/PHICH would easily enable area splitting gains also for the UE-specific control channels in a shared cell-id deployment. For the support of relaying, a PDCCH design based on UE-specific RS is already supported and much of the design principles could easily be reused for designing a widely applicable PDCCH based on UE-specific RS.
Observation

· UE-specific control channels should be based on UE-specific RS to match the flexibility of the PDSCH

· Allows CoMP, MU-MIMO and beamforming for control channels for capacity and coverage improvements
· Easy way of providing area splitting gains for control channels in shared cell-id deployments

Proposal

· Investigate UE-specific RS for PDCCH/PHICH

· Consider re-use of the already designed R-PDCCH solutions for easy introduction of widely applicable UE-specific RS based control channels
5. Conclusions

This contribution presented an overview of the operation of the new shared cell-id approach for heterogeneous deployments and discussed its merits. Possible standardization impact in the areas of CSI feedback and PDCCH capacity enhancements were also addressed. 
Based on the discussion we observe that there are several benefits with a shared cell-id approach over Rel-10 eICIC in the presently considered distributed RRU scenario:
· The shared cell-id approach avoids handovers within the macro cell area

· The number of handovers could be considerably reduced, especially if aggressive use of range extension is employed
· The severe sync, CRS and PBCH interference otherwise coming from the macro point in the Rel-10 eICIC multi cell-id concept is automatically avoided by using a shared cell-id approach
· Interference problem when using separate cell-id for different points are even more challenging for TDD where subframe shift between macro and pico layer is not possible

· No need to rely on advanced cancellation schemes for CRS, sync and PBCH in the UE

· Cancellation anyway not perfect
· Fine granular and dynamic resource portioning between macro and pico layer

· Both in time and in frequency

· Seamless adaptation towards the dynamically changing relative traffic needs of macro/pico

· Avoids scheduling restrictions

· Simultaneous and orthogonal transmissions on macro and pico layer naturally supported

· Macro uplink retransmissions do not block subframes for pico UEs in range extension zone
· Decouples uplink and downlink from each other

· For example useful in heterogeneous deployments targeting solving uplink problems without touching an already well-working downlink

· Enables path-loss based reception point selection in uplink while avoiding necessarily creating a severe macro to pico interference problem in downlink

· Uplink signals fully compatible as part of the same cell
In the areas of studies on joint transmission CoMP, CSI-RS measurements and enhancements for UE-specific control channels we propose:
· Focus joint transmission investigations on the shared cell-id scenario to avoid issues with CRS and control region collisions
· Definition of a CSI-RS/zero-power CSI-RS resource

· A CSI-RS/zero-power CSI-RS pattern (covering 1, 2, 4, or 8 CSI-RS antenna ports) in a specific subframe

· Definition of CSI-RS measurement set

· Set of CSI-RS resources a UE is measuring on for (CoMP) CSI feedback

· Definition of zero-power CSI-RS set

· Set of zero-power CSI-RS resources configured for a UE

· If CoMP CSI feedback is supported

· UE-specific configuration of CSI-RS measurement set 

· For each CSI-RS resource, parameters to configure a specific UE includes CSI-RS sequence, number of CSI-RS antenna ports, CSI-RS configuration (patterns), periodicity, subframe offset and data to CSI-RS EPRE ratio
· UE-specific configuration of zero-power CSI-RS set
· Investigate UE-specific RS for PDCCH/PHICH

· Consider re-use of the already designed R-PDCCH solutions for easy introduction of widely applicable UE-specific RS based control channels
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