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Workplan related evaluation

1.1
History

	TSG meeting #
	TSG Tdoc number of status report
	TSG Tdoc number of work/study item description sheet as approved by TSG (if any)
	overall level of completion as decided by TSG
	completion date
as decided by TSG

	58
	SI started
	RP-122032
	0%
	September 2013
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	RP-130137
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NOTE:
The table covers all TSG meetings from the start of the WI/SI.

1.2
Status at this TSG meeting

NOTE:
This status reflects the conclusion of the leading WG (e.g. achieved by email). In case there was no consensus a corresponding range has to be provided and reason for missing consensus has to be mentioned.

1.2.1
Estimated of the level of completion of the work/study item

overall (mandatory to be provided):




70%  

per WG (optional information):


WG1
70%
WG2

0%
WG4
      70%
additional comments:




1.2.2
Estimated completion date of the work/study item

The work/study item is planned to be 100% complete in:
September 2013 

which is:
RAN #61
additional comments:


<if any, otherwise leave it blank>
2.
Technical status related evaluation

2.1
Detailed Progress report since last TSG meeting (for all involved WGs)

RAN1
The progress after RAN1#72 by email discussion is summarized below:

· An LS (R-130816) was sent to RAN2, CC RAN4, to inform the agreements on the scenarios for SCE evaluation in RAN1.
· Evaluation assumptions were agreed in R1-130856, including most assumptions on the “General” sheet, and the “Discovery” sheet
The progress of RAN1 #72bis on small cell enhancements is summarized below:

· The TR 36.872 v0.1.0 (R1-131685) was agreed.
· The remaining evaluation assumptions including dual strip model were agreed in R1-131721.
· TP on DL DMRS overhead reduction (R1-131726) was agreed with modifications on channel characteristics, results of source, and eNB selecting DL RS pattern.
· TP on UL DMRS overhead reduction (R1-131786) was agreed.
· Next steps on control signalling enhancements were agreed:
· For RAN1#73, focus on study of multi-subframe scheduling and cross-subframe scheduling

· Identify characteristics of potential schemes, e.g. for multi-subframe scheduling, how does it differ from SPS, how many subframes, how is link adaptation and HARQ retransmissions handled? 

· Evaluate whether there are useful potential gains (in throughput or other gains) from overhead reduction (multi-subframe scheduling) or statistical multiplexing gain (cross-subframe scheduling)

· Consider impact of resulting scheduling restrictions and potential means to mitigate such impact

· Identify potential specification impact

· Also consider PDSCH/EPDCCH starting in first OFDM symbol 

· Evaluation assumptions were agreed in R1-131750– based as much as possible on existing scenarios. 

· Use small cell scenario 2a for evaluation of multi-TTI scheduling

· One small cell cluster per macro cell geographical area

· 10 small cells per cluster

· Conclusions were made on interference avoidance and coordination:
· Use the agreed simulation assumptions (i.e. RSRQ based on actual cell loading) for UE measurement for cell association for non co-channel.

· Candidate techniques for further study are as follows, but not limited to

· Small cell on/off

· A small cell can also refer to a component carrier when more than one component carrier is available

· Note that this work will continue under this SI, with the findings being taken into account in NCT WI later. 

· Enhanced power control/adaptation (for both downlink and uplink)

· Enhancement of frequency domain power control (e.g., RNTP) and/or ABS to multi-cell scenarios, including consideration of EPDCCH

· Load balancing/shifting (including cell association) 

· Coordinated scheduling and beamforming with non-ideal backhaul

· Continue study in RAN1#73; can be transferred into a new WI if one is approved at RAN#60.

· For each of the techniques, further study including the followings

· Feasible time scale (i.e., how fast or slow the technique is applied)

· Performance analysis/gain

· Necessary enhancements of mechanism and procedure, and additional measurements to help the network decision

· Consideration on its potential impacts on other system performance, for example, coverage, increased handover and signaling, energy consumption, possible impact on IDLE mode UEs 

· Agreement on small cell discovery for next steps for RAN1 #73
· Metrics for evaluation: 

· UE battery consumption for discovery

· Number of supportable individually identifiable small cells

· Baseline is current number of supported PCIDs

· Identify whether the current number is sufficient

· Number of detectable cells in the chosen scenarios 

· Target FFS for each scenario (or for a given SINR)

· Target false alarm probability FFS

· Detectability as defined in 36.133 for initial evaluation

· Probability of detecting a cell as a function of distance

· Detection time (e.g. taking into account ability to support small cell DTX operation / energy consumption)

· Ability to estimate the signal strength of a small cell

· Overhead

· Impact on legacy UEs

· Begin by evaluating performance of legacy mechanism (i.e. PSS/SSS/CRS)

· If inadequacies are identified with the legacy mechanism, evaluate:

· first, approaches based on modified SS/RS

· second, approaches based on new discovery signal

· Evaluation methodology:
· Up to companies to decide between e.g.:

· Alt.1: 

· Step-0:system level simulation to model the interference profile for link level simulation

· Step-1: link level simulation to derive the performance curve (i.e., SINR – detection probability) based on the interference profile derived by the Step-0 simulation

· [FFS] Step-2: system level simulation based on LLS to SLS mapping

· Alt.2: System level evaluation including link-level signal generation and detection

· Scenario:

· Scenario 2a with dense deployment of small cells

· Baseline: 1 cluster per cell, 10 cells per cluster; other values can also be evaluated. 
· Synchronisation cases (in order of decreasing priority):

· 1: Synchronized transmission of discovery signal both within and between clusters in the same or different macro cells

· 2: Synchronized transmission of discovery signal within clusters; unsynchronized between clusters

· 3: Unsynchronized

· FFS: Level of synchronization (including timing offset between cells)
The progress of RAN1 #73 on small cell enhancements is summarized below:

· The TR 36.872 v0.3.0 (R1-132812) was agreed.
· Conclusions on control signalling enhancements:
· Multi-subframe scheduling and cross-subframe scheduling have been considered as possible control signalling overhead reduction techniques

· There are diverse views on the usefulness and potential gains of these methods, and possibilities for achieving significant gains have not been identified

· It has been noted that PDSCH transmission in OFDM symbol #0 is strongly related to realising possible downlink gains from these methods

· These methods may facilitate the scheduling of PUSCH e.g. in ABSs.

· Transmission of PDSCH/EPDCCH in OFDM symbol #0 has been considered

· A gain in PDSCH RE availability can be achieved by this method in subframes in which it can be performed, e.g. up to 5.5% in PDSCH PRB pairs in MBSFN subframes with 2 CRS ports configured and rank 1-2 transmission, or up to 6% in PDSCH PRB pairs in non-MBSFN subframes, with 2 CRS ports configured, with DMRS based transmission modes 

· The proportion of subframes in which this gain can be achieved is FFS.

· There are diverse views on the complexity and potential gains of this method. 

· It is noted that reliable dynamic signalling for PDSCH starting in OFDM symbol #0 is only available using a mechanism similar to the PQI signalling introduced in TM10. 

· Specification impacts in R1-132805 were agreed with modifications.
· TP on 256QAM (R1-132696) was agreed with editorial modifications.
· Conclusions were made on interference avoidance and coordination:
1. Small cell on/off
Performance observations from the results presented to this meeting (not yet for TR):

· Significant UPT benefits are observed relative to a baseline without CRS interference mitigation or MBSFN subframes, with FTP models 1 and 3 at least when idealised dynamic (i.e., subframe-level) small cell on/off is assumed and with low/medium load 

· Lower gains are also observed with FTP model 3 when semi-static adaptation is assumed
· Gains are due to reduced interference from CRS and common control channels

· FFS performance benefits with feasible time scale

· Potential impacts on other system performance
· Legacy UEs cannot be supported on cells operating dynamic on/off, and legacy Idle UEs cannot be supported in the vicinity of such cells on the same carrier. 

· Mobility: FFS (related to RAN2 Het-Net mobility study and RAN2 small cell study)

· Energy consumption: reduction of energy consumption is expected

Note: Simulation assumptions for S-NCT should be harmonised with the assumptions for small-cell dynamic on/off under SCE study. The harmonized assumptions in R1-132792 are for email discussion until Friday 31st May. 

Guidance on timescales to be taken into account in simulations until RAN1#74:

· Baseline value of the feasible time scale to be used for further evaluation of network adaptation, if using currently existing procedures, is as follows:

· Time before a UE can use a just turned on small cell: [400] ms

· Prepare a more specific proposal including details of assumed tx states of small cell before and after, and mechanism(s) for triggering the small cell activation. – discuss offline. 

· Time before a new arrived UE (as in FTP 1) can use an already on small cell: [200] ms – check the value offline and prepare a description of what procedures are assumed to be included in this time. 

· Time needed to turn off a cell after turn-off is triggered [200ms]. 

· For faster time scale (e.g., subframe-level), companies need to show the performance along with the feasible procedure(s) (e.g., dual connectivity) to handle the following aspects:
· Cell detection/configuration and attachment

· Time/frequency synchronization

· CSI/RRM measurement and report

· Legacy user handling

Continue discussion offline to aim for a more complete proposal covering the above highlighted aspects in  R1-132786, which is For email discussion / agreement until Friday 7th June. (May consider sending an LS to other WGs afterwards if appropriate)

Supporting mechanisms for small cell on/off

· Further study the following mechanisms in evaluations for RAN1#74:

· UL/DL signal and measurement enhancements for network adaptation decision making

· Enhancements for cell association and load balancing/shifting

· Signaling (e.g. RRC) to inform UE the network adaptation

· Mechanisms to cope with or avoid disruptive interference/measurement jumps due to network adaptation

· Backhaul signaling and coordination enhancements
2. Carrier selection:

Continue to consider carrier selection as one aspect of the Small Cell on/off studies. 

3. Enhanced power control:
Observations: One common feature of uplink power control enhancement proposals is considering path-loss to multiple cells. 

Next steps: Continue evaluations on possible uplink and downlink power control enhancements until RAN1#74. 

4. Enhancement of frequency domain power control and/or ABS to multi-cell scenarios
Observations / next steps:

Proposals need to identify clearly the specification impacts on X2 signalling and eNB/UE behaviour. 

Continue evaluation until RAN1#74. 

5. Load balancing/shifting (including cell association)

Next steps for RAN1#74:

· Evaluate low, medium and high load levels: 20, 40, 60% respectively average resource utilisation across all cells in the most loaded layer in the reference scheme

· Further evaluations may be performed to raise the resource utilisation to these levels after load-balancing 

· Further study on load balancing techniques between small cells 

· Focus on identifying any aspects that have standards impact

· Identify the measurements on which any proposed load balancing technique is based 

6. Coordinated scheduling/beamforming with non-ideal backhaul
· Two contributions were treated in RAN1#73 and the conclusion was ‘continue evaluation until RAN1#74’.
· Email discussion on evaluation assumptions on small cell discovery in slide 3 of R1-132776 until Friday 7th June. 

· Conclusions on radio-interface based synchronization mechanisms
· Synchronization for both TDD and FDD systems needs to be considered
· Network listening based on signals in current air interface standards is the baseline for this study; any new technique should offer significant advantage compared to the baseline

· Send an LS to RAN3 to inquire whether current standardised support for network listening can be applied to FDD –R1-132795 – for email discussion until Friday 7th June. 

· In small cell SI, the study on inter-cell synchronization focuses on the following cases, with non-ideal backhaul on all interfaces
· Synchronization between a small cell and the overlaid macro cell

· Synchronization between small cells in the same cluster

· Synchronization between small cell clusters

· Further investigate  the radio-interface based synchronization solutions (e.g. network listening, UE assisted synchronization)

· Further study the solutions of radio-interface based synchronization on
· Achievable synchronization accuracy

· Resource overhead

· Applicability/compatibility with the ongoing studies 

· Cost/complexity of eNBs and UEs

· Standard impacts

· The target synchronization accuracy for the purpose of the study should be <=3µs.
· The value is used to guide the study. It is not intended to impact any requirement discussion in RAN4.
RAN2

At RAN2 #81bis and #82, there was no agreement to involve RAN1 before further evaluation on RAN2 solutions.
RAN4

At RAN4 #66bis, the following progress was made:

An LS on 256 QAM support (R4-132019) was approved and sent to RAN1

At RAN4 #67, no further conclusion was made on 256QAM.
2.2
List of Completed elements (compare with open issues of last TSG)

The following elements were done:

· Define the channel characteristics of the small cell deployments and the UE mobility scenarios identified in TR36.932, as well as the corresponding evaluation methodology and metrics. 

· Study potential enhancements to improve the spectrum efficiency, i.e. achievable user throughput in typical coverage situations and with typical terminal configurations, for small cell deployments, including

· higher order modulation scheme (e.g. 256 QAM) for the downlink (RAN1 aspects completed, RAN4 aspects may be further discussed, cf. below).

· Enhancements and overhead reduction for UE-specific reference signals and control signaling to better match the scheduling and feedback in time and/or frequency to the channel characteristics of small cells with low UE mobility, in downlink and uplink based on existing channels and signals. 

2.3
List of open issues

NOTE:
Usually this list is empty when the work/study item is 100% complete otherwise please justify why an open issue is not essential for the work/study item.
· Further study in RAN4 on EVM values and UE impairments for 256 QAM. 
· Study the mechanisms to ensure efficient operation of a small cell layer composed of small cell clusters. This includes 
· Mechanisms for interference avoidance and coordination among small cells adapting to varying traffic and the need for enhanced interference measurements, focusing on multi-carrier deployments in the small cell layer and dynamic on/off switching of small cells.

· Mechanisms for efficient discovery of small cells and their configuration. 

· Physical layer study and evaluation for small cell enhancement higher-layer aspects, in particular concerning the benefits of mobility enhancements and dual connectivity to macro and small cell layers and for which scenarios such enhancements are feasible and beneficial.

· Coordinated and time synchronized operation of the small cell layer and between small cells and the macro layer can be assumed for specific operations and feasibility and benefits of radio-interface based synchronization mechanisms shall be addressed.
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