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Discussion and decision
1.

Introduction
This contribution is a summary of the e-mail discussion on the scenarios and evaluation assumptions for  downlink control signalling enhancements related to carrier aggregation, 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 carrier aggregation part. The DL MIMO part is summarized in a separate contribution (R1-113157).

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

1. Which CA-related scenarios should be considered for these control signalling enhancements?
2. 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
Which CA-related scenarios should be considered
For the question
· Which CA-related scenarios should be considered for these control signalling enhancements?
responses from 22 companies were received. A vast majority of the companies considers CA based HetNets, additional carrier types and inter-band CA as the import scenarios. Some other scenarios mentioned are cross carrier scheduling, PDCCH-less CCs as well as MTC.
Observation 1: CA based HetNets, Additional carrier types and Inter-band CA are considered as the most important CA-related scenarios by a vast majority of the companies.
2.2
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 20 companies were received. Many evaluation assumptions were proposed in the discussion but very few are shared by several companies. Further discussions are needed on at least the number of UL carriers, bandwidths, DCI formats, bands for inter-band CA, deployments, as well as metrics and modelling. Number of UEs, number of CCEs can be decided after the bandwidths are defined. Table 1 summarizes the proposed assumptions.

Observation 2: 2 DL carriers seems to be proposed by most companies as well search space generation with random UE ID.

Observation 3: No clear indication about the other evaluation assumptions listed in Table 1.Further discussions are needed.
Table 1. Proposed evaluation assumptions
	Evaluation assumption
	Proposals

	Number of DL carriers
	2 DLs, use first single cell

	Number of UL carriers
	1 or 2 Uls

	Downlink bandwidths
	5, 10 and 20 MHz

	DCI formats
	0, 1a, 2C and 4

	Number of UEs
	20, 30, 40, 60 and “large”

	Search space generation
	Random UE ID

	Band for inter-band CA
	Bands 4 and 17

	Link adaption
	Ideal with wideband SINR distribution, realistic

	Evaluation metrics
	UE perceived throughput and PDCCH blocking probability, DL cell average and cell edge throughput, CCEs per PDCCH for a given DCI size, cumulative throughput for both carriers and, probability that a PDCCH is blocked for more than X (e.g. 2) subframes

	Need for modelling
	interference modelling, PDCCH scheduling, UE distribution, PDCCH power control


3. Conclusions
According to the received responses we believe that the following observations reflect the position in RAN1 on CA scenarios and evaluation assumtions.
Observation 1: CA based HetNets, Additional carrier types and Inter-band CA are considered as the most important CA-related scenarios by a vast majority of the companies.
Observation 2: 2 DL carriers seems to be proposed by most companies as well search space generation with random UE ID.

Observation 3: No clear indication about the other evaluation assumptions listed in Table 1.Further discussions are needed.
Annex

The received responses from the companies are listed below in table format.

Table 2. Received responses on scenarios
	Ericsson, ST-Ericsson
	The relevant scenarios for consideration were mentioned above as the CA based HetNet and inter-band CA. Another scenario that becomes relevant if it is introduced is control signalling enhancement for additional carrier types.

	CMCC
	E-PDCCH usage when additional carrier type introduced is helpful to mitigate common control channel (e.g., SIB1, paging) interference

	ALU/ASB
	The enhancement of PDCCH multiplexing capability is needed when the cross-carrier scheduling is used in the CA deployment scenarios.  Scenarios for cross-carrier scheduling include CA-based HetNet, intra and inter-band CA, and potential non-backward compatible carrier

	Intel
	The CA-related scenarios for consideration include CA based HetNet, inter/intra-band CA and possible additional carrier types if it is introduced.

	Renesas
	We have a similar view: The main CA-related scenarios for which enhancements may be needed are:

· CA-based HetNet with cross-carrier scheduling, in which case the PDCCH capacity might become a limiting factor, and 

· control signalling for additional carrier types, if any are specified. However we emphasize that enhancements studied under DL MIMO SI (or CoMP WI) might already provide what is needed in terms of control signalling enhancements.

	Huawei, HiSilicon
	In the scenario where at least one of the aggregated carrier does to carry the control channels of some UEs or any UE, it may be needed to reduce PDCCH overhead / increase PDCCH capacity / reduce blocking probability. CA-based hetnet can be the case. Control signaling enhancements for additional carrier types (if defined) should be discussed once such carrier types have been agreed.

	ZTE
	CA based eICIC for Het-net. Inter-band deployments (with imbalanced coverage, using cross-carrier scheduling). Capacity improvement to further support more UE: for CoMP Scenario 4, same ID for Pico/Marco, the PDCCH capacity could be limited.  With the introduction of additional carrier, the capacity is also need to be improvement.

	Sharp
	

	Panasonic
	The scenario that PDCCH resource is not sufficient can be considered. We think these cases are: 

· CA based HetNet. with frequency ICIC

· Extension carrier

· When the number of UEs in a subframe is relatively large by smaller amount of the data, especially aggregated bandwidth size improves frequency scheduling gain.

Inter-band deployment can be something categorized as CA based HetNet.We share the view of Renesas that enhancements studied under DL MIMO SI would already provide what is needed in terms of control signalling enhancements.

	RIM
	We share the same views with most of the companies that the major CA-related scenarios could include CA-based Hetnet (where if cross-carrier scheduling is configured, capacity of PDCCH may be an issue), extension of carriers, inter and intra-band CA with large number of carriers. What we would like to mention is that even though the aspects of control signal enhancement in CA-related scenarios might be different from that in DL MIMO, we need to strive for a more unified solution to tackle all the issues.

	CATT
	CA based Hetnet, inter-band CA, and additional carriers are the three CA related scenarios that shall be considered. It is important to consider the number of scheduled UEs with cross carrier scheduling to identify whether PDCCH enhancements are needed in each of the three scenarios.

	NTT DOCOMO
	We share similar views with the other companies; CA-based HetNet and additional carrier type are CA-related scenarios. Regarding the additional carrier type, it is preferable to enable downlink control signaling transmission on additional carrier type without the legacy PDCCH.

	Samsung
	As discussed in the last meeting, captured in the minutes, and also mentioned above by other colleagues, the relevant scenarios include cross-cell scheduling in support of ICIC, inter-band CA and also support of additional carrier types (if introduced).

	Motorola Mobility
	Enhancements should be considered to cover PDCCH overload due to cross carrier scheduling.  Enhancements may also be required to cover control signaling for additional carrier types.

	LG
	We see these scenarios are considered for control signaling enhancement:

· Scn 1 CA-based HetNet where one less-interfered CC cross-schedules PDSCH in multiple CCs.

· Scn 2 Extension carrier which may not contain CRS

	TI
	We concur with the majority view that relevant scenarios include CA-based HetNet, when cross-CC scheduling is configured and inter-band CA. Enhancements can be considered for additional carrier types if they are introduced.

	KDDI
	

	Pantech
	We also share the same view with most of companies, which are including the CA-based HetNet, inter-band CA and additional carrier types. Especially, both asymmetric and symmetric CA deployments on considered scenarios could be evaluated.

	Fujitsu
	Legacy-PDCCH-less carrier regardless of cross-carrier scheduling.  And carriers to possibly support "MTC UEs", where a large number of MTC UEs

can be scheduled in some time period and PDCCH resource starvation can happen more often.

	Nokia Siemens Networks, Nokia
	CA-based HetNet with cross-carrier scheduling potentially combined with ICIC for PDCCH, additional carrier types.


Table 3. Received responses on evaluation assumptions
	Ericsson, ST-Ericsson
	These assumptions can be used to evaluate control signalling enhancements: 

· 2 DL carriers, 1 UL carrier 

· 20 MHz bandwidth per carrier and 80 CCE available   

· 40 UEs having both carriers activated and all UEs are using cross carrier scheduling from one of the carriers 

· UE search spaces generated by random ID   

· Ideal link adaptation for PDCCH using DL wideband SINR distribution of the relevant scenario 

· For inter-band CA, two bands are assumed with large frequency separation, e.g. Band 4 and Band 17.   

· The reference scheme use DCI formats 2C and 0

	ALU / ASB
	2 DL and 2 UL carriers with cross scheduling 

· For CA-based HetNet,  Macro eNB and pico eNB use different carrier for both DL/UL as the primary cell 

· For intra- and inter- band cross- scheduling; only one carrier contains PDCCH.   

· For non-backward compatible carrier, PDCCH is allocated at backward compatible carrier.   

· 5 MHz BW and 3 symbols of PDCCH region with total of 20 CCES available for PDCCH- 

· 20 activated UEs per carrier  total of 40 UEs  - number of UEs is more than the number of CCEs for evaluation of increasing PDCCH multiplexing capability 

· All UEs using cross scheduling from primary cell.   

· 20% of the UEs use the legacy PDCCH 

· Realistic link adaptation based on proposed Tx scheme.

	Huawei, HiSilicon
	We are generally fine with Mattias’  proposals. 

· Regarding to the BW, we prefer 10MHz, which is usually used in RAN1’s simulation. 40 CCEs are available. 

· Regarding to the search space, I’d like to clarify that it is generated with random UE ID. 

· Regarding to the DCI format, we suggest simulating two cases: DCI format 1a +DAI format 0, DCI format 2C +DAI format 4, where the former case is associated with the smallest DCI format size and the latter with the largest. 

· And we propose the following to be added: 

· Evaluation metrics: the UE perceived throughput and PDCCH blocking probability 

· Bursty buffer.

	ZTE
	On top of the listed assumption, we think evaluation assumption should target on the application scenario which the CA could mostly relevant. Then, urban deployment should be addressed first. The cross-carrier scheduling in Scenario 3/4 . Large UE number(MU-MIMO, Scenaio4, trigger aperiodic CSI), should be studied in CA WI (overlaping with DL MIMO) .  Regarding the specific parameters, we think Ericsson give a good starting point and prefer the following modification. 1. 2UL is prefered. 2.For  HetNet, usually it is either 30UEs or 60UEs for each macro area. In system level simualtion, if needed, it should reuse the simulation assumptions from CoMP/DL MIMO/eICIC as much as possible.  e.g. For HetNet, it can be ITU-UMa for macro and UMi for pico.,  500m for macro ISD,  interference modeling  - model CRS interference. It should be better based on PF scheduler which is common setting.  The distribution of UEs should depend on scenarios which are well defined

	Panasonic
	· CA related evaluation can be following not necessary to be limited to PDCCH. CA related enhancement is also possible by E-PDCCH described in the questions on DL MIMO SI . 

· We agree 2 DL carriers. We prefer not explicitly simulate UL assignment for the ease of the simulation. For example, the same level of the assignment with DL can be assumed. 

· Preference is 10MHz simulation.

· Some kind of realistic link adaptation should be chosen.

· At least 20 activated UEs per carrier. 40 activated UEs per carrier is also fine. 

· We also agree the reference scheme use DCI format 2C(or 2) and 0.

	RIM
	We also prefer 10MHz instead of 5MHz or 20MHz considering many CA combinations discussed in RAN4

	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. Cross carrier scheduling shall be assumed for the CA related scenarios. We prefer not to explicitly model UL grants or PDCCHs in common search space in the evaluations, since this  would otherwise increase the simulation complexity.

	Samsung
	In order to limit the evaluation work and simulations, it may be worth considering to limit at first the evaluations for various design aspects for enhanced DL control signalling to a single-cell scenario.

There is no apparent reason for the design to be different for CA operation than for single cell operation. System level evaluations for selected CA scenarios in order to observe typical overhead and possible savings from enhanced DL control signalling may follow (mainly for information purposes) at a later point.

	Motorola Mobility
	To study enhancements relevant for CA scenarios, evaluations should be based on 2 carriers (10/20MHz bandwidth for each CC), explicit modeling of interference in control region at REG level including PDCCH power control, subblock interleaving and also including either instantiation of a convolutional decoder per PDCCH in the system simulation or other LEP method to determine number of CCEs needed per PDCCH.   Evaluations should also account for difference in downlink and uplink grant sizes.   Metrics to measure would include avg. CCEs per PDCCH for a given DCI size, cumulative throughput for both carriers and, probability that a PDCCH is blocked for more than X (e.g. 2) subframes.

	LG
	We prefer 10 MHz system bandwidth as baseline. We also think that the data throughput should be considered as the evaluation metric to observe the impact of the downlink control signalling enhancements to the overall system.

	TI
	We are fine with 10 MHz BW similarly to other RAN1 simulations. It is also preferable not to model  UL grants for initial simulations as this would increase simulation complexity. For 2 DL CCs we can compare the difference between PDCCH on both CCs and PDCCH only on 1 CC (cross-CC scheduling).

	KDDI
	

	Pantech
	Considering realistic situation on frequency bands, 10 MHz system bandwidth would be helpful to check the performance gain from new proposed schemes. 

We also agree two DL carriers. We prefer enhancement of current PDCCH is firstly treated for further discussion after that, we can consider the adaptations from both current PDCCH and E-PDCCH enhancements.

	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
	The basic set-up should be 2 DL and 1 UL carrier.


