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Discussion and decision
1.

Introduction
This contribution is a summary of the e-mail discussion on the motivations for the investigations of enhanced PDCCH and the scenarios to be targeted, which was initiated by the chair in RAN1#66. E-mail [66-04] consists of two parts, one part addressing the carrier aggregation aspects and the second part addressing the DL MIMO aspects. This summary treats only the DL MIMO part. The carrier aggregation part is summarized in a separate contribution (R1-113131).

More specifically, companies were asked to express their views on the following questions:

1. What are the motivations (if any) for the investigations of enhanced PDCCH

2. What  scenarios (if any) should be targeted by these investigations

3. What evaluation assumptions should be used to evaluate the benefits of any proposed downlink control signalling enhancements in each scenario?

The analysis of the responses is treated in the discussion part of the contribution. Responses from all companies are listed in the Annex.
2. Discussion
2.1
Motivations for the investigations of enhanced PDCCH
For the question 
· What are the motivations (if any) for the investigations of enhanced PDCCH

responses were received from 23 companies. Motivations were divided into ten main categories listed in Table 1 below. Motivations are either general performance related like capacity or coverage or alternatively feature oriented, where some technical feature is seen as the main motivation. From Table 1 it can be seen that capacity and frequency domain ICIC are supported by a majority of the companies followed by beamforming gain and spatial reuse of control channels and  therefore the following observation can be made:
Observation 1: Capacity, Frequency domain ICIC, Beamforming gain and Spatial reuse of control channels are the motivations with the highest support among the companies
There are some other important motivations as well mentioned like the support of multiple types of services with various packet sizes, reducing the blocking probability and the support of a large number of UEs. Large number of UEs has here been interpreted as capacity.
Table 1. Supported motivations
	Motivation
	Supportive companies

	Capacity (15)
	ALU, ASB, Huawei, HiSilicon, ZTE, Panasonic, RIM, CATT, Samsung, Motorola Mobility, LG, KDDI, Renesas, Nokia Siemens Networks, Nokia

	Frequency (15) domain ICIC
	Ericsson, ST-Ericsson, CMCC, Intel, Renesas, Huawei, HiSilicon, Sharp, Panasonic, RIM, Samsung, LG, TI, Nokia Siemens Networks, Nokia

	Beamforming gain (10)
	Ericsson, ST-Ericsson, CMCC, Intel, Renesas, Sharp, Panasonic, RIM, Motorola Mobility, TI

	Spatial reuse of control channels (8)
	Ericsson, ST-Ericsson, Intel, Renesas, Panasonic, RIM, Samsung, TI

	Coverage (5)
	
CMCC, ALU, ASB, Panasonic, LG

	Capacity in MBSFN subframes (5)
	Ericsson, ST-Ericsson, Intel, Renesas, TI

	Flexible division of resources between control and data (4)
	Huawei, HiSilicon, Sharp, Nokia Siemens Networks, Nokia

	FDPS gain (2)
	Panasonic, RIM

	Higher order modulation  (1)
	RIM


2.2
Scenarios to be targeted
For the question

· What scenarios (if any) should be targeted by these investigations
responses from 21 companies were received. Suggested scenarios were consolidated into six main categories listed in Table 2 below. For example Hetnets, Macro-pico deployments and interference coordination have all been merged into the group HetNets. From the table it can be seen that the top two scenarios, CoMP and DL MIMO, are supported by most companies and are definitely scenarios to be targeted. Also the two following scenarios, Hetnets and MU-MIMO are supported by more than a third of the companies. The two scenarios belonging to the carrier aggregation enhancements WI  show that also from the DL MIMO perspective carrier aggregation is seen as important for several companies. The basic observation that can be made based on the preferences of the companies is:

Observation 2: CoMP, DL MIMO, HetNets, MU-MIMO are the scenarios with the highest support among the  companies

Table 2. Supported scenarios
	Scenario
	Supporting companies

	CoMP (16)
	Ericsson, ST-Ericsson, ALU, ASB, Intel, Renesas, Huawei, Hi Silicon, ZTE, Panasonic, CATT, Motorola Mobility, LG, TI, Nokia Siemens Networks, Nokia

	DL MIMO (13)
	Ericsson, ST-Ericsson, CMCC, ALU, ASB, Intel, Renesas, RIM, CATT, LG, TI, Nokia Siemens Networks, Nokia

	HetNets (10)
	CMCC, ALU, ASB, Intel, Renesas, Sharp, Panasonic, RIM, Nokia Siemens Networks, Nokia

	MU-MIMO (7)
	Huawei, HiSilicon, ZTE, Panasonic, CATT, LG 

	Carrier aggregation (5)
	Ericsson, ST-Ericsson, Intel, Panasonic, Motorola Mobility

	Additional carrier types (3)
	LG, Nokia Siemens Networks, Nokia

	MTC (1)
	ZTE


2.3 
Evaluation assumptions

For the question

· What evaluation assumptions should be used to evaluate the benefits of any proposed downlink control signalling enhancements in each scenario?

responses from 22 companies were received. Most of the companies prefer to reuse the scenarios already agreed for DL MIMO, CoMP but also specific BWs, number of users per cell, frequency selective channel first, low speed / high speed, modelling of PDCCH scheduling, overhead and complexity, BLER performance, blocking probability, gain combination as well as the  impact of CSI information are considered.
Observation 3: Reuse the evaluation assumptions that already has been agreed for CoMP and DL MIMO

Observation 4: As many additional evaluation assumptions were suggested  further discussions are needed.
Table 3. Evaluation assumptions
	Evaluation assumption
	Supporting companies

	Reuse from CoMP (19)
	Ericsson, ST-Ericsson, ALU, ASB, Intel, Renesas, Huawei,  HiSilicon, ZTE, Sharp, Panasonic, RIM, CATT, NTT DOCOMO, Motorola Mobility, LG, TI, Nokia Siemens Networks, Nokia

	Reuse from DL MIMO (15)
	Ericsson, ST-Ericsson, ALU, ASB, Intel, Renesas, ZTE, Sharp, Panasonic, RIM, NTT DOCOMO, Motorola Mobility, LG, Nokia Siemens Networks, Nokia

	Reuse from FeICIC (3)
	ALU, ASB, Intel, 

	Impact of the available type of CSI information  (4)
	Sharp, NTT DOCOMO, Intel

	Homogenaous networks first (1)
	CMCC

	Assume certain bandwidths and number of users (1)
	ALU/ASB


3. Conclusions
Taking into account that responses were received from a substantial amount of companies we believe that the following observations reflect the position on RAN1 regarding enhanced PDCCH.

Observation 1: Capacity, Frequency domain ICIC, Beamforming gain and Spatial reuse of control channels are the motivations with the highest support among the companies
Observation 2: CoMP, DL MIMO, HetNets, MU-MIMO are the scenarios with the highest support among the  companies
Observation 3: Reuse the evaluation assumptions that already have been agreed for CoMP and DL MIMO

Observation 4: As many additional evaluation assumptions were suggested further discussions are needed.

Annex

The received responses from the companies are listed below in table format.
Table 4. Received responses on motivations

	Ericsson, ST-Ericsson
	We see the following motivations for investigating an enhanced PDDCH:

· the PDCCH does not provide the flexibility in frequency domain for control channel interference coordination between cells or any potential for frequency selective scheduling gain of the control channel. 

·  the PDCCH overhead does not scale well with the number of scheduled UEs. 

·  the growing use of PDSCH transmission in MBSFN subframes is limited by the fact that only two OFDM symbols can be used for PDCCH. 

·  the PDCCH cannot leverage advantage of multiple antennas at the eNB through beamforming gain to make the control channel performance scale with the number of transmit antennas.

·  the intra-cell spatial reuse of control channel resources which is useful for novel deployments and antenna structures as the shared cell scenario is not possible with the PDCCH.

	CMCC
	Our investigation on motivation is as follows,

· Sectorized beamforming weight did not create beamforming gain to control channel;

· For 8Tx, antenna gain is reduced compared for 2Tx in order to keep compact size of 8Tx

· antenna gain is reduced as we are not using unity sectorized beamforming weight

· the control channel coverage is limited by PDCCH. This is more serious if uplink control channel is improved by equipped more receiving antenna while the downlink control channel is not in favour of. This gives the proposal of introducing DM-RS-based E-PDCCH which carriers DCI shall be considered in Rel-11

Furthermore, Frequency-domain ICIC for E-PDCCH can be considered to mitigate inter-cell interference.

	ALU, ASB
	The motivation of PDCCH enhancement includes increasing the multiplexing capability and improving the coverage. This is relevant to the situations described by Ericsson above, as well as for CoMP and MU-MIMO where increased UE scheduling capacity is needed.

	Intel
	We think the motivation for introducing ePDCCH has been summarized by Ericsson very well

	Renesas
	What Ericsson listed seems to cover essentially the same aspects as what we have listed in R1-112315, hence we share the same view. One thing that we would like to add on top of that is that as observed e.g. in R1-112316, the performance of some techniques relying on a large number of UEs to be scheduled, like MU-MIMO and possibly CoMP (depending on the exact schemes supported by the specifications in the end), seems to be limited by PDCCH capacity. Hence an additional motivation would be to improve the performance of such schemes by enabling more UEs to be scheduled.

	Huawei, HiSilicon
	We see several motivations for investigating the enhanced PDCCH

· Capacity limitation on the PDCCH: The maximum 3 symbols for PDCCH may be insufficient for the potentially large number of simultaneously scheduled users in scenario 4. More users need to be served in the same subframe.

· Interference avoidance: the performance of the PDCCH may be limited by the amount of interference seen. By using an E-PDCCH FDMed with data, interference avoidance/coordination can be performed.

· Higher data throughput: due to capacity limitations on the PDCCH, some data resources might be left unallocated, thereby reducing system throughput

· Reduced control overhead because of better resource granularity allocation (RB vs. time symbol). MIMO techniques and higher order modulation should be considered to improve resource utilization

	ZTE
	We see motvations are drive the further enhancement 

· The control ovehead are quite limited by the capacity/blocking probability of PDCCH, especially in case MBSFN is largely used for PDSCH transmission 

· For CoMP same ID scenario, the number of UEs should exceed the PDCCH capacity 

· Gain for DMRS demodulation for data can not be archieved by the PDCCH, even the UE are experincing a slow change of channel.

	Sharp
	We see the following motivations for the enhanced PDCCH:

· Frequency-domain ICIC and  cell/area splitting gain.

· Beamforming gain for the control channel.

· Increase of potential PDCCH resource, i.e. the use of PDSCH region

	Panasonic
	We think following are the motivations

· To increase control channel efficiency and coverage by DMRS based PDCCH. The DMRS based PDCCH allows a) beam forming, b) spatial multiplexing and c) power boosting/deboosting.

· To increase control region size more than 3 OFDM symbols

· To have the possibility of frequency scheduling.

· To have the possibility of frequency ICIC for DCI transmission

· The motivation listed in CA related questions.

	RIM
	We see that most of the companies have the same views on this, which we also share with. We believe that the motivation of enhanced PDCCH could include the increase of PDCCH capacity, easy to apply frequency domain ICIC, the use of more advanced techniques such as BF, MIMO, higher order modulation, frequency selective scheduling etc. We feel the purpose of E-PDCCH study is not only to fulfill the need we see for Rel-11, but open the door for potential future improvement, which could not be achieved by current Rel-8 PDCCH design.

	CATT
	We share the same view as other companies above on the motivations for PDCCH enhancements, e.g. increased PDCCH capacity, reduced DL control overhead, and improved DL control performance.

	NTT DOCOMO
	We share the same views from the technical aspect. We would also like to point out the necessity of DL signaling enhancement from the other aspect. There will be demand to support multiple types of services with various packet sizes due to the growing market of smart phone and new application such as M2M. Large discrepancy in packet sizes between voice (small) and video (large) would limit the PDCCH capacity rather than the PDSCH in the near future.

	Samsung
	With regards to DL MIMO, we have previously presented results showing that the Rel.10 DL control region is the limiting factor in obtaining the DL throughput gains achievable with DL M-MIMO. This is also likely to be the case for UL MU-MIMO. Intra-cell spatial re-use of control channel resources for CoMP scenario 4 is another fundamental reason. Providing FDM-ICIC for single cell operation is yet another reason. Finally, allowing for migrations to CSI-RS/UE-specific RS based designs to avoid the constant overhead and power consumption of CRS based designs is another reason.

	Motorola Mobility
	The motivation for E-PDCCH would be to support beamformed control channel transmissions for scenarios where such transmissions are more efficient than normal PDCCH. E-PDCCH will also be useful in scenarios where capacity of normal PDCCH is insufficient.

	LG
	We see the motivations of PDCCH enhancement for: 1) increasing of DL control channel capacity, 2) interference coordination/management and 3) improving the coverage

	TI
	The motivations are well covered by Ericsson.

	KDDI
	The motivation of PDCCH enhancement is to guarantee (realize) the system performance improvement introduced by new CoMP scenario, DL MIMO techniques. In order to minimize the occupied radio resources of this enhanced PDCCH (e-PDCCH), it is essential to improve capacity and performance of e-PDCCH, therefore UE-specific RS-based is proposed. Other solutions on minimizing the occupied radio resources of e-PDCCH should also be considered in PDCCH enhancement.

	Fujitsu
	To resolve Shortage of PDCCH resource when in active use of MU-MIMO operation or TM9 in MBSFN subframes.

	Nokia Siemens Networks, Nokia
	Control channel capacity and flexibility, frequency domain ICIC


Table 5. Received responses on scenarios
	Ericsson, ST-Ericsson
	We see that these scenarios should be considered when investigating the enhanced PDCCH:

· The DL MIMO scenario, where it can enhance the control channel by beamforming as the eNB has multiple TX antennas and make the control channel overhead scale well with the number of scheduled Ues

· For CoMP scenarios where it enables an increased control channel capacity for shared cell ID scenarios through spatial coordination (and beamforming), interference coordination and area splitting gain. Related scenarios are HetNet & ICIC where an enhanced interference coordination between control channels of different cells is desirable.

· The Carrier Aggregation scenario should be targeted since an enhanced PDCCH can offload the legacy PDCCH whenever asymmetric cross carrier scheduling is used

· The Additional Carrier Type scenario should also be addressed as an enhanced PDCCH provides a control channel for these new carriers.

	CMCC
	The following scenarios are proposed from our perspective,

· For DL MIMO scenario, DM-RS based E-PDCCH by employing beamforming technique is helpful to improve control channel coverage.

· For Macro-Pico deployment with moderate bias, frequency-domain ICIC gives Rel-11 UE additional benefit to overcome severe interference from aggressor cell. It shall be noted CRS pollution from aggressor cell influence performance impact to E-PDCCH in victim cell.

	ALU, ASB
	Scenarios for PDCCH enhancement in addition to those for CA include single cell DL MIMO in both homogeneous and heterogeneous network, and CoMP

· For DL MIMO – PDCCH with advanced transmission schemes, such as beamforming and spatial multiplexing

· For Interference coordination of PDCCH.  

· For CoMP – PDCCH coordination and detection performance improvement for multi-point PDSCH transmission and PUSCH reception

	Intel
	Agree with Ericsson/CMCC/ALU’s observations on the targeting scenarios. If possible single solution for all relevant scenarios is preferred.

	Renesas
	In our view the following scenarios seem relevant here:

· DL MIMO scenarios with multiple co-located Tx antennas, enabling precoding gains also for the control channel and increasing control signaling capacity for MU-MIMO(/CoMP).

· Scenarios with distributed antennas sharing the same cell ID, enabling spatial reuse of the control channel resources.

· Macro-pico deployments with realistic CRE bias values, enabling ICIC for control channels.

	Huawei, HiSilicon
	The two scenarios that we see as the most appropriate are scenarios 3 and 4, as defined during the CoMP SI. In addition, low mobility and extensive use of MU-MIMO should be targeted

	ZTE
	· Het-net

· Large UE number (MU-MIMO,MTC,Scenaio4,trigger aperiodic CSI)

· Large interference(scenario 3), should studied in MIMO SI(overlaped with CA)

	Sharp
	· HetNet scenario with association bias

· Frequency-domain ICIC and cell and cell/area splitting gain should be investigated.Homogenous scenario

· E-PDCCH with precoded DM-RS should be investigated at least under this scenario.

	Panasonic
	Although it might be possible to provide each scenario for each motivation, in general, we can list as MU-MIMO, eICIC, CoMP and CA scenarios. Especially cell-edge on these cases can be emphasized.

	RIM
	We feel the following scenarios could be the focus to start with

· For DL MIMO – the transmission with BF using DM-RS and other scheme such as TxD

· Interference coordination of PDCCH in Hetnet 

 In addition to those focus which is mainly targeting E-PDCCH. We feel enhancement on PDCCH in legacy PDCCH region may also need to be considered

	CATT
	The DL MIMO/CoMP related scenarios for downlink control enhancements include MU-MIMO, CoMP scenarios 4 and 3.

	NTT DOCOMO
	The scenarios where the DL signaling enhancement is effective are clarified by the companies. Furthermore, considering the traffic trends, we would prefer to apply a new DL control signaling defined in Rel-11 to as many scenarios as possible including non-CA and non-CoMP scenarios.

	Samsung
	The relevant scenarios have been well summarized by other companies above. A question again is whether all these scenarios need to be evaluated (e.g. it is unclear what additional information the evaluations for single-cell ICIC or CA will provide for the specifics of enhanced DL control channels). At least initial evaluations may be possibly limited to single-cell homogeneous systems and to CoMP scenario 4.  

	Motorola Mobility
	Suitable scenarios include CoMP scenario 4 and also additional carrier types without CRS. E-PDCCH may also be suitable to overcome PDCCH capacity limitations for cross-carrier scheduling.

	LG
	We see UE specific RS based should be investigated for not only DL MIMO enhancement and CoMP transmission. When investigating the enhanced PDCCH, these scenarios could be considered for the initial evaluation: 1) DL MIMO scenario A (Macro cell only) for MU-MIMO transmission 2) CoMP Scenario 4 and 3) Additional carrier type without CRS

	TI
	DL MIMO and CoMP scenarios 3 and 4 are the priority scenarios for further investigation.

	Nokia Siemens Networks, Nokia
	DL MIMO with DMRS based beamforming, CoMP, Macro-Pico deployments, additional carrier types


Table 6. Received responses on evaluation assumptions
	Ericsson, ST-Ericsson
	We should as far as possible reuse the already agreed evaluations assumptions for each scenario (e.g. CoMP, DL MIMO).

	CMCC
	Simulation assumptions for homogenous network can be considered as the first step. Further investigation for HetNet can be considered.

	ALU, ASB
	Simulation assumptions and scenarios for DL MIMO, CoMP and FeICIC should be used for performance enhancement.

· 5 MHz BW with 40 users per cell

· 20% Ues using legacy PDCCH.  

	Intel
	For system level evaluation, we should try to maximize the reuse of the already defined assumptions for CoMP/DLMIMO/FeICIC. For link level simulations, we may need to consider scenarios in which reliable CSI reports are not available or UE is in high mobility to ensure robust control channel performance in some other practical use cases which are usually not considered for system level simulations.

	Renesas
	We share the view with Ericsson: since for the listed scenarios we have agreed evaluations assumptions available, we should reuse those as much as possible.

	Huawei, HiSilicon
	The final assumptions are FFS, but generally speaking, the current assumptions for scenarios 3 and 4 seem to be a good start

	ZTE
	On reusing DL MIMO/CoMP scenarios, we could give priority for some cases: 

· e.g PD(S)CH Performance in Scenario 4 , with/without PDCCH enhancement 

· e.g PDICH Performance in scenario 3, with/with epdcch ICIC (assume pdcch and epdcch have the same Resource),don’t consider Blocking probability first 

· study frequency selective channel at first 

· study low speed at first ,high speed also should be considered. 

· consider if the PDSCH RI,PMI and CQI is enough for PDCCH,if we want to support higher layer/Precoding/AMC 

· Further, additional feedback or link adaptation technique dedicated for PDCCH can be considered for evaluation.

	Sharp
	· The agreed homogenous and heterogeneous evaluation assumptions (i.e. CoMP, DL MIMO evaluation assumptions) can be reused. 

· The impact of the available type of CSI information (e.g. w/sub-band PMI or wide-band CQI only) should be taken into account too.

	Panasonic
	We agree Ericsson that to reuse the already agreed evaluations assumptions for each scenario (e.g. CoMP, DL MIMO). If necessary, combination of the scenario can be considered.

	RIM
	We also feel that some already agreed evaluation assumption could be used as the starting point. However, we need to realize that simulation assumption for PDSCH and PDCCH may not be the same, for example, PDCCH precoding may have limited knowledge of the channel, so modification of some simulation assumption may be needed.

	CATT
	PDCCH scheduling shall be explicitly modeled in system level simulation. The methodology to evaluate the impact of PDCCH scheduling on PDSCH shall be the same for the CA related scenarios and MIMO/CoMP related scenarios. At least DL cell average and cell edge throughput shall be used as the evaluation metrics. The simulation assumptions for PDSCH shall largely reuse the existing simulation assumptions of the corresponding MIMO/CoMP scenario.

	NTT DOCOMO
	It is preferable to reuse the assumption made in CoMP/DL MIMO. However, it is not clear whether we should show the benefits of the investigations for all the targeted scenarios including CA, CoMP, and DL-MIMO. Target scenarios for evaluation should be limited. 

In addition, the benefits of proposed DL control signaling should be evaluated using the following metrics 

· BLER performance: To investigate PRB mapping to maximize precoding gain and frequency diversity gain, and DCI multiplexing scheme 

· Blocking probability: To investigate search space design 

For all the scenarios, the following assumptions should be at least used for evaluation. 

· Demodulation based on DM-RS for E-PDCCH 

· Wideband/subband CSI 

· Mobility environment such as 3km/h, 30km/h, 120km/h

	Samsung
	Assuming that enhanced DL control signalling is introduced (evaluations pointing to this already exist for MU-MIMO and the need for ICIC, cross-cell scheduling, or for CoMP S4 can be concluded by analysis and does not require simulations), the most important issue in our view is to consider realistic assumptions for particular target scenarios. 

For example, the evaluations should include 

(a) actual CSI estimation based on CSI-RS for various UE SINRs including quantization, delays, and feedback errors, 

(b) robustness to UE speed uncertainty from a Doppler estimate,

(c) restrictions on usefulness of PMI feedback to a pre-configured set of PRBs, 

(d) effect of subframe interference variations on the SINR experienced in individual PRBs (particularly for localized transmissions of enhanced control channels), 

(e) existence of a PUSCH to provide detailed CSI feedback and associated UL overhead for schemes relying on detailed CSI feedback, 

(f) robustness/overhead/performance comparisons of localized and distributed transmissions, etc.  

To limit the work, link level simulations may be first considered with aspects from system level simulations (e.g. interference variations per PRB per subframe) incorporated in the link simulations.

The results from link level simulations can then be incorporated into system level simulation (i.e. the usual process can be followed).

	Motorola Mobility
	Agree with Ericsson

	LG
	For system level evaluation, we can reuse already defined assumptions for DL-MIMO and CoMP evaluation. Also, we need to consider the simulation assumption in aspect of control signaling transmission (e.g. transmission scheme, channel estimation performance, information size, CSI feedback).

	TI
	Agree that we should reuse, as much as possible already defined simulation assumptions for the various use cases: CoMP, MU-MIMO. In addition, enhancements to downlink control signaling such as the ePDCCH should also model HARQ acknowledgements for UL data (PHICH).

	Fujitsu
	Re-use as much already defined assumptions as possible. Both DL scheduling assignment and UL grant are equally and fully loaded on the PDCCH region.

	Nokia Siemens Networks, Nokia
	Reuse the already agreed evaluations assumptions for each scenario (e.g. CoMP, DL MIMO), When evaluating the benefits and gains also evaluate the impact of combination of different gain mechanisms. When evaluating gains and benefits, the associated additional overhead and complexity should also be considered.


