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1   Introduction

In RAN1#66bis, a working assumption to introduce a new carrier type (NCT) that can be aggregated with a legacy LTE carrier was made. While some agreements on NCT were made in subsequent RAN1 meetings as part of LTE Rel11 work, this topic was postponed to Rel12. A new WID for NCT was agreed in RAN58 [6] and according to the WID, a new carrier type being aggregated with a legacy carrier has to be specified in the first phase of NCT work. Such a carrier is generally referred to as Non-Standalone NCT (NS-NCT). Work on specifying NS-NCT is ongoing in RAN1. 

According to the NCT WID, identification of scenarios for a standalone NCT (S-NCT) and evaluation of benefits achievable with S-NCT over those achieved from NS-NCT and backwards compatible carrier types (BCT)  (i.e., carrier accessible to LTE Rel8/9/10/11 UEs) is also part of the first phase of NCT work. S-NCT is a non-backwards compatible carrier that need not be aggregated with a legacy carrier. As indicated in the WID and noted in RAN1#72bis, S-NCT (if agreed) will provide a broadcast mechanism to acquire system information, a common search space for EPDCCH and necessary mechanisms for initial access (including paging, RAR) and UE mobility support. 

In RAN1#72bis, initial scenarios and evaluations for S-NCT were discussed, leading to compilation of cited benefits and disadvantages. In this document we discuss some considerations related to S-NCT operation.     
2   Discussion 
S-NCT does not provide any service to LTE Rel8/9/10/11 UEs. It is expected to be accessible to LTE Rel12 and later release UEs that are capable of supporting S-NCT. However, LTE Rel12 UEs are expected to function in networks that support only LTE Rel8/9/10/11 signalling. For S-NCT, new mechanisms using DMRS are being considered for the transmission of MIB, SIBs, paging, RAR and common control signalling (eCSS). 

Given this, if S-NCT is supported in Rel12, LTE Rel12 UEs are expected to support two different mechanisms for 

· Paging reception

· RAR reception
· CSS reception
· SIB reception
· potentially MIB reception (if legacy PBCH structure is not reused) and

· potentially PSS/SSS reception (if legacy PSS/SSS placement is not retained).

In addition to this, additional idle mode and mobility handling procedures have to be specified in other WGs. This not only increases UE implementation complexity but also significantly increases UE testing and IOT efforts. Given this, support for S-NCT should be justified by significant gains. To provide some context, during the previous instance when 3GPP RAN WGs specified a new carrier type with new initial access mechanisms (i.e., a LTE Rel8 carrier), gains “exceeding 3x for sector and average user throughput and 2x for 5%-ile user throughput …” were shown after an extensive simulation campaign [1]. 

It should also be noted that when RAN1 worked on adding a NS-NCT in LTE Rel11, the carrier was based on reducing pre-existing signals/channels and most of the above mentioned UE complexity testing and IOT aspects did not apply for NS-NCT. 

Observation 1: Introduction of standalone NCT should be justified by significant gains since Rel12 UEs supporting S-NCT will be required to implement two different mechanisms for - Paging reception, RAR reception, CSS reception, SIB reception, potentially MIB reception (if legacy PBCH structure is not reused) and potentially PSS/SSS reception (if legacy PSS/SSS placement is not retained). 

 

We now discuss some of the claimed benefits of S-NCT.
2.1 Spectral efficiency
One claimed benefit of S-NCT is improved spectral efficiency over legacy (Rel8/9/10/11) LTE by avoiding CRS transmissions in four of every five subframes. This results in reduced interference to UEs in neighbouring cells, thereby leading to potential improvement in spectral efficiency. As noted in [3], cell dormancy can also allow the elimination of transmission activity in certain subframes based on the traffic load. If S-NCT is deployed on a carrier, legacy UEs cannot be supported on that carrier. However, with cell dormancy, it is still possible to operate a carrier in a mode that supports legacy UEs. Given this, we think cell dormancy is a better approach than S-NCT to achieve the potential spectral efficiency gains obtained by elimination of transmission activity in certain subframes.
Also, given the existing Rel-11 feICIC feature addresses CRS interference handling, the potential for additional spectral efficiency gains obtained by elimination of transmission activity in certain subframes needs to be further studied.
CRS overhead reduction was also cited as an additional reason for improved spectral efficiency with S-NCT. The overhead due to CRS in a BCT and R-CRS in a S-NCT, for normal CP, FDD is shown in Table 2.1-1. Assuming maximum MBSFN subframe configuration, for 2-Tx antennas, the average CRS overhead is 5.24% for BCT, no cell dormancy. The corresponding overhead due to the R-CRS (new tracking RS) for S-NCT is (8/168)*(1/5) = 0.95%, assuming full bandwidth R-CRS transmission in one out of five subframes. Thus, the potential overhead savings from CRS-reduction is upper bounded by around 4.3%. 
	 
	BCT, 1-Tx, No dormancy
	BCT, 1-Tx, 

80% dormancy 
	BCT, 2-Tx, No dormancy
	BCT, 2-Tx, 

80% dormancy 
	S-NCT

	Average CRS/R-CRS overhead
	2.62%
	0.95%
	5.24%
	1.9%
	0.95%


Table 2.1-1. CRS overhead for BCT, normal CP, FDD for normal, MBSFN and per-Radio Frame (assuming max MBSFN subframe configuration) and R-CRS overhead for NCT.

Note that the comparison in Table 2.1-1 does not account for the reference signals transmitted in S-NCT to enable reception of the (potentially new) PBCH, SIBs, EPDCCH CSS, etc. We refer to such reference signals as ‘common DMRS’ (as described in section 2.4).  The overhead for these reference signals will further narrow the overhead gap between S-NCT and BCT. Table 2.1-1 also shows the CRS overhead when a cell is dormant in 80% of subframes. As shown in the table, if cell dormancy is allowed, the overhead gap between S-NCT and BCT based transmissions is even smaller.

Also, as discussed during Rel11, the link performance of distributed EPDCCH (which will be used for EPDCCH based CSS) is worse than that of PDCCH. Due to this 16/32 eCCE aggregation levels had to be supported for EPDCCH. Given this, additional overhead is needed for S-NCT if common transmissions such as eCSS, SIBs, paging etc, are expected to achieve the same coverage as that achievable by BCT.
As noted in RAN1#72bis, for NS-NCT the spectral efficiency gains were further achievable because the Scell system information is transmitted via dedicated RRC, relying on HARQ operation and UE CSI feedback. However, for S-NCT, given that potentially new PBCH, new SIB transmission mechanisms and new Common Search space need to be supported, the overhead due to these channels further reduces the potential spectral efficiency gains of the S-NCT relative to the NS-NCT. 
Observation 2: Both cell dormancy and S-NCT approaches allow the possibility to eliminate transmission activity in certain subframes of a carrier for interference reduction. Cell dormancy approach, in addition, allows the possibility to support legacy UEs on the same carrier which is not possible with S-NCT.
Observation 3: Spectral efficiency gains provided by S-NCT due to CRS overhead reduction are minimal at best especially if the following aspects are considered  a) reduction of CRS overhead by choosing maximum possible MBSFN configuration  b)additional overhead required on S-NCT to overcome inferior link performance of distributed EPDCCH (compared to PDCCH) when EPDCCH based CSS is used c) reference signal overhead required on S-NCT to transmit (potentially new) MIB, SIBs and eCSS.
2.2 Load balancing 
Load balancing in presence of ‘non-CA capable UEs’ was cited as one more benefit of standalone NCT and large gains were shown in [4] and [5] for deployments comparing BCT+NS-NCT with BCT+S-NCT or S-NCT+S-NCT. However, we expect that networks with a large portion of ‘non-CA capable UEs’ are more likely to use BCT+BCT structure instead of a BCT+NS-NCT. Given this, we do not expect the load balancing gains of standalone NCT to be as high as those cited in [4], [5]. 

For example, potential gains of a BCT+S-NCT deployment can be compared with the below three deployment assumptions that use BCT and/or NS-NCT. 

· Deployment assumption 1 (D1): 
Network deploys BCT+NS-NCT irrespective of the fraction of non-CA capable UEs 
· Deployment assumption 2 (D2): 
· Network deploys BCT+BCT irrespective of the fraction of non-CA capable UEs 
· Deployment assumption 3 (D3): 
· Network deploys BCT+NS-NCT only if a significant fraction of the UEs are CA-capable (i.e., fraction of non-CA capable UEs >= 25%), otherwise network deploys BCT+BCT. 

[4], [5] assume only deployment assumption D1 and cite large gains (>100%). The gains of BCT vs. S-NCT are yet to be established by RAN1. However, even if the performance gain values provided in [4] were used, gains provided by BCT+S-NCT over deployments D2 or D3 are 0-12% for avg. throughput and 0-16% for cell edge throughput for various fractions of non-CA capable UEs. Figure 2.2-1 illustrates this using the performance gain values determined from [4] (Figure 1 - lambda=0.6 case). Clearly, D1 is not a judicious deployment assumption when the network has a large fraction of non-CA capable UEs. When pragmatic deployment assumptions such as D2 or D3 are used, the load balancing gains provided by S-NCT are not high. In fact, when presence of LTE Rel8/9/10/11 UEs is considered, using S-NCT can lead to a loss of throughput due to lack of load balancing. 

Observation 4: In the presence of non-CA capable UEs, load balancing gain provided by deployments using S-NCT is not high when compared to pragmatic network deployments using BCT and/or NS-NCT. When presence of LTE Rel8/9/10/11 UEs is considered, using S-NCT can lead to loss of throughput due to lack of load balancing.
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Figure 2.2-1. Comparing BCT + S-NCT vs. three possible deployment options D1, D2, D3  
(D1 (BCT+NS-NCT, D2 (BCT+BCT, and D3 (BCT +BCT/NS-NCT depending on fraction of CA-UEs.
2.3 Energy Efficiency

In LTE Rel10, RAN1 discussed energy savings during the SI on “Network Energy Saving” and concluded that “LTE supports energy efficient network operation within the Rel-8/9 RAN1 specifications”, and “LTE Rel-8/9 RAN1 specifications allow for implementation-based energy saving methods without compromising backward compatibility”.

In LTE Rel11, RAN1 concluded that “Energy efficiency” is one of the main motivations identified for introducing phase I  NCT.  

In LTE Rel12, standalone NCT and cell dormancy [3] are two approaches that are being considered in the context of energy efficiency. In our view, an energy savings approach that allows the possibility to operate a carrier in a backwards compatible mode (i.e., cell dormancy) is more preferable to an approach that is not backwards compatible (i.e., standalone NCT). 

We note that the potential energy efficiency gain attributed to S-NCT comes mainly from the reduction of transmission activity in certain subframes i.e. due to the signal-free operation (achieved by avoiding CRS transmissions/scheduling other transmissions) in four out of five subframes in S-NCT. We also note that migrating to a DMRS+EPDCCH based structure for common transmissions does not inherently provide any energy savings, i.e., if the extra energy savings obtained by blanking some subframes is considered more important than retaining backwards compatibility, then retaining the legacy structure (i.e., retaining PBCH, PDCCH and same CRS RE locations/mapping) in the non-blanked subframes is a more straightforward option than creating a new system information delivery mechanism based on DMRS. As described earlier, using BCT and 80% cell dormancy, the same reduced transmission activity as S-NCT can be achieved. Thus, the potential energy efficiency gains of S-NCT can also be achieved using cell dormancy. 
Observation 5: Both cell dormancy and S-NCT approaches allow the possibility of energy savings. Cell dormancy approach, in addition, allows the possibility to support legacy UEs on the same carrier which is not possible with S-NCT.

2.4 CRS-free operation
Minimization of legacy common reference signals is one justification given for NCT. Based on the current status of RAN1 discussions, it is expected that NCT will be operated using at least the following reference signals

· PSS+SSS

· CSI-RS

· Reduced CRS or R-CRS (i.e., transmission on 1 RS port (consisting of the Rel-8 CRS Port 0 REs per PRB and Rel-8 sequence) within 1 subframe with 5ms periodicity

· DMRS

· “UE specific DMRS” – DMRS with precoding that utilises UE feedback

· “Common DMRS” – DMRS with precoding that cannot utilise UE feedback

In legacy carriers, when the UE is configured in transmission modes, 8/9/10DMRS antenna ports 7-14 are used for PDSCH demodulation. Further, when UE is configured to monitor EPDCCH, DMRS antenna ports 107-110 are used for EPDCCH demodulation. When DMRS is used in conjunction with PDSCH or localised EPDCCH, inter-cell interference caused by DMRS is more dynamically ‘controllable’ than CRS via appropriate precoding and RB selection based on UE feedback. We refer to such DMRS transmissions as “UE specific DMRS” transmissions.  However, for S-NCT, DMRS would also be used for the following transmissions 

· EPDCCH transmissions corresponding to common search space

· PDSCH transmissions carrying SIBs

· Distributed EPDCCH transmissions corresponding to UESS (when multiple UEs are configured to share the same distributed EPDCCH UESS)

· ‘ Fallback’ PDSCH transmissions to UEs from which feedback is either not available or not reliable
· Potentially, transmission of ePBCH (i.e. a PBCH based on DMRS)

When DMRS is used for such transmissions, the interference caused is usually not controllable via precoding (i.e., the eNB has to use a wide beamwidth) and, in some cases, dynamic RB selection is also not possible (e.g. for ePBCH and CSS). We refer to such DMRS transmissions as “common DMRS” or “broadcast DMRS” transmissions. In RBs where common DMRS is transmitted, the inter-cell interference caused by common DMRS is similar to that of CRS. 

For CRS, collisions between CRS transmissions of different cells in the same RB can be avoided (to some extent) by the use of cell specific frequency shifts. Since this mechanism is not available for DMRS, in scenarios where inter-cell interference is severe (e.g. when large CRE bias is used), transmissions from different cells have to be staggered at RB level and RB blanking has to be used to mitigate interference. The negative spectral efficiency impact of such interference mitigation mechanism depends on the amount of common DMRS based transmissions.

Since common DMRS based transmissions were generally not present in legacy carriers (especially up to Rel10, for Rel11 only distributed EPDCCH uses such transmission) and phase I NCT, their impact has not been studied in prior evaluations. However, for standalone NCT, since common DMRS based transmissions would replace CRS based transmissions, when comparing the performance of standalone NCT to that of legacy carriers, the impact of common DMRS based transmissions should be considered.

Observation 6: For S-NCT, additional mechanisms are needed to mitigate the impact of inter-cell interference on ‘common DMRS transmissions’ (i.e. DMRS used for transmitting common signalling such as CSS, SIBs, paging etc.).
3 Conclusions

In this document we discuss some considerations related to standalone NCT operation and make the following observations.
Observation 1: Introduction of standalone NCT should be justified by significant gains since Rel12 UEs supporting S-NCT will be required to implement two different mechanisms for reception of - Paging, RAR, CSS, SIBs, potentially the MIB (if legacy PBCH structure is not reused) and potentially PSS/SSS (if legacy PSS/SSS placement is not retained). 

Observation 2: Both cell dormancy and S-NCT approaches allow the possibility to eliminate transmission activity in certain subframes of a carrier for interference reduction. Cell dormancy approach, in addition, allows the possibility to support legacy UEs on the same carrier which is not possible with S-NCT.

Observation 3: Spectral efficiency gains provided by S-NCT due to CRS overhead reduction are minimal at best especially if the following aspects are considered a) reduction of CRS overhead by choosing maximum possible MBSFN configuration b) additional overhead required on S-NCT to overcome inferior link performance of distributed EPDCCH (compared to PDCCH) when it is used for CSS  c) reference signal overhead required on S-NCT to transmit (potentially new) MIB, SIBs and eCSS.

Observation 4: In the presence of non-CA capable UEs, load balancing gain provided by deployments using S-NCT is not high when compared to pragmatic network deployments using BCT and/or NS-NCT. When presence of LTE Rel8/9/10/11 UEs is considered, using S-NCT can lead to loss of throughput due to lack of load balancing.

Observation 5: Both cell dormancy and S-NCT approaches allow the possibility of energy savings. Cell dormancy approach, in addition, allows the possibility to support legacy UEs on the same carrier which is not possible with S-NCT.

Observation 6: For S-NCT, additional mechanisms are needed to mitigate the impact of inter-cell interference on ‘common DMRS transmissions’ (i.e. DMRS used for transmitting common signalling such as CSS, SIBs, paging etc.).
Based on the observations, we have not identified clear justifications to migrate from the current LTE signalling structure (i.e., using CRS+PDCCH for common transmissions, and using CRS/DMRS+PDCCH/EPDCCH for UE specific transmissions on same/different carrier) to a signalling structure that has no legacy control or reference signal transmissions (i.e., standalone NCT).  
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