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1   Introduction
Identification of scenarios for a standalone NCT (S-NCT) and evaluation of benefits achievable with standalone NCT over those achieved from Phase I NCT (Non-Standalone NCT (NS-NCT) aggregated with a legacy/backwards compatible LTE carrier) and legacy/backwards compatible LTE carrier types (BCT, i.e., carrier accessible to LTE    Rel-8/9/10/11 UEs) is currently underway as part of the first phase of NCT work according to the NCT WID [1]. Standalone NCT is a non-backwards compatible carrier that is not aggregated to a legacy carrier. As indicated in the WID and noted in RAN1#72bis, standalone NCT (if agreed) will provide a broadcast mechanism to acquire system information, a common search space on EPDCCH, and necessary mechanisms for initial access (including paging, RAR) and UE mobility support.
In this contribution, we discuss some considerations on common control channel overhead with S-NCT and compare the efficiency/performance relative to BCT. 
2   Discussion
2.1 Common Control Signalling in S-NCT 

S-NCT is expected to be accessible to LTE Rel-12 and later release UEs that are capable of supporting S-NCT and does not provide any service to LTE Rel-8/9/10/11 UEs. S-NCT is characterized by minimization of legacy common reference signals by avoiding CRS transmissions in four of every five subframes. Reduced CRS or R-CRS is transmitted within 1 subframe with 5ms periodicity with transmission on 1 RS port (consisting of the Rel-8 CRS Port 0 REs per PRB and Rel-8 sequence). 
For standalone operation, S-NCT needs to support at least transmission of MIB information, system information, paging, RAR, and common control signalling on common search space (CSS). As reduced CRS is present on only every 5th subframe, new mechanisms using DMRS are expected to be considered for such broadcast/common control signalling. For some broadcast signalling such as MIB transmission, legacy PBCH structure can also be considered in subframes with reduced CRS. 
Diversity for broadcast/common control signalling using DM-RS can be achieved by distributed transmission and precoder cycling/random precoding similar to the distributed EPDCCH design in Rel-11. The interference caused by such “common DMRS” transmissions is usually not controllable via precoding (i.e., the eNB has to use a wide beamwidth) and the inter-cell interference is similar to that of CRS. 
The DCI related to system messaging such as Paging, SIBs and RAR as well as Group TPC command signalling (DCI format 3/3A) is transmitted by the network on the common search space (CSS). CSS may also be used for fallback/reconfiguration signalling. For S-NCT, CSS on EPDCCH is needed for scheduling the DCI related to system information, initial access and group TPC signalling. The EPDCCH based CSS is expected to use the distributed EPDCCH transmission mode defined in Rel-11 with common DMRS EPDCCH transmissions.  

The impact of new mechanisms for broadcast/common control signalling using DM-RS for S-NCT which replace the corresponding CRS based transmission mechanism in BCT need to be studied and their relative efficiency/performance should be considered when comparing the performance of standalone NCT to that of BCT. 
In the next section, we compare the link performance and efficiency of DM-RS based distributed EPDCCH for CSS on S-NCT with the legacy CRS-based PDCCH structure on BCT for the same code rate. 
2.2 Performance/Efficiency of Distributed-EPDCCH CSS 

In LTE Rel-8/9/10/11 CSS on BCT, the UE monitors 4 PDCCH candidates at aggregation level 4 and 2 PDCCH candidates at aggregation level 8 with the size of the CSS being 16 CCEs (16x36 = 576 REs). If CSS on S-NCT has the same size as that of legacy CSS (i.e., 576 REs) on BCT, 4 PRB-pairs are needed in a subframe (taking in to account the 24 DMRS REs) to support distributed EPDCCH based CSS.
The 4 PRB-pairs for distributed EPDCCH based CSS are semi-statically configured with approximately equal spacing within the channel bandwidth and DM RS in both slots of the subframe are used for demodulating the EPDCCH. The distributed EPDCCH structure is as defined in Rel-11 with antenna port {107, 109} cycling on alternating REs in an EREG. For legacy PDCCH, the same structure as in Rel-8 is assumed (with 4 port CRS) and CRS only in the control region is used for demodulating the PDCCH thereby corresponding to the lower CRS overhead mode associated with MBSFN subframe configuration. The PDCCH performance can also be considered to represent what can be achieved by blanking some of the subframes as with using cell dormancy.
Figure 1 compares the performance of distributed EPDCCH with random precoding with legacy PDCCH based CSS for different aggregation levels for 43bits DCI format 0/1A. Simulation assumptions are summarized in Annex A.  
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Figure 1: CSS: Legacy PDCCH v/s Distributed EPDCCH (random precoding), (E)CCE =  36REs, 4x2 FSTD, ETU5.
Table 1 summarizes the legacy PDCCH and distributed EPDCCH performance for DCI payload size of 43bits (0/1A) with 4/8 aggregation levels for PDCCH and 4/8/16 aggregation levels for EPDCCH at 1% BLER.

Table 1. Legacy PDCCH and distributed EPDCCH performance for DCI 0/1A (43 bits).

	Aggregation Level
	SINR requirement for 1% BLER (dB)

	
	Legacy 
PDCCH
	Distributed EPDCCH (random precoding)

	4
	-4.1
	-2.3

	8
	-6.6
	-4.4

	16
	--
	-6.5


The following observations can be made:

· Distributed EPDCCH performance is approximately 1.8-2.2 dB worse (larger for lower operating SNR) than legacy PDCCH for the same aggregation level (and same code rate) due to channel estimation loss with per-RB channel estimation.

· For performance and coverage similar as that of legacy PDCCH, approximately twice the aggregation level (twice the number of REs) is needed for distributed EPDCCH.
· Higher aggregation levels (e.g. 16 ECCE aggregation) need to be supported for EPDCCH on CSS to ensure same coverage as that of legacy PDCCH.
· 8 PRB-pairs need to provisioned for CSS on S-NCT to support the same capacity with similar coverage as legacy CSS on BCT. This represents approximately double the size in REs compared to legacy CSS increasing control signalling overhead and reducing efficiency.
Similar to the additional overhead needed to support CSS with distributed EPDCCH on S-NCT compared to CSS on BCT, it is expected that additional overhead would be needed for S-NCT to support broadcast/common control signalling transmissions using DM-RS such as MIB, SIB, paging, etc. to achieve similar coverage as that achievable by BCT. The impact of lower efficiency/performance of such broadcast/common control signalling using DM-RS for       S-NCT should be considered when comparing the performance of standalone NCT to that of BCT.
3 Conclusions
S-NCT will need to provide broadcast mechanisms to support at least transmission of MIB information, system information, paging, RAR, and CSS on EPDCCH. New mechanisms using DMRS are expected to be considered for such broadcast/common control signalling. 
Based on link performance evaluations of distributed EPDCCH CSS for S-NCT, the following observations are made: 

· Distributed EPDCCH performance is approximately 1.8-2.2 dB worse (larger for lower operating SNR) than legacy PDCCH for the same aggregation level (and same code rate) due to channel estimation loss with per-RB channel estimation.

· For performance and coverage similar as that of legacy PDCCH, approximately twice the aggregation level (twice the number of REs) is needed for distributed EPDCCH.
· Higher aggregation levels (e.g. 16 ECCE aggregation) need to be supported for EPDCCH on CSS to ensure same coverage as that of legacy PDCCH.
· 8 PRB-pairs need to provisioned for CSS on S-NCT to support the same capacity with similar coverage as legacy CSS on BCT. This represents approximately double the size in REs compared to legacy CSS increasing control signalling overhead and reducing efficiency.
It is expected that similar additional overhead would be needed for S-NCT to support other broadcast/common control signalling transmissions using DM-RS such as MIB, SIB, paging, etc. to achieve similar coverage as that achievable by BCT.  

It is proposed that RAN1 take these considerations into account and include the expected lower efficiency/performance of such broadcast/common control signalling using DM-RS for S-NCT when comparing the performance of standalone NCT to that of BCT.
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Annex A

Table A1 summarize the simulation assumptions.

Table A1
	Parameter
	Value

	System Bandwidth
	10 MHz system BW (Carrier Frequency : 2 GHz)

	Antenna configuration eNB/UE 
	eNB : 4 Tx
UE : 2 Rx

	Channel
	ETU 3 kmph

	PDCCH parameters
	4/8 CCE aggregation level

	EPDCCH parameters
	4/8/16 ECCE aggregation level 

ECCE size = 36 REs 

	EPDCCH mapping
	Distributed

4 PRB-pairs with approximately equally-spaced over the channel bandwidth

	EPDCCH Transmission scheme
	Rank-1 based on Rel-10 codebook random precoding: random precoder selected for antenna port 107/109 in each of the 4 PRB-pairs, DM-RS based transmission

	Channel Estimation
	Non-ideal

	DCI size
	43 bits (0/1A)
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