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1 Introduction

Trade-offs associated with a possible introduction of a stand-alone New Carrier Type (S-NCT) were discussed in RAN1#72bis and the following claims were cited

· Benefits cited for S-NCT compared to NS-NCT:

· Throughput increase and load balancing in the presence of non-CA-capable UEs

· S-NCT can be PCell

· can support PUCCH offloading (but could be provided without S-NCT)

· S-NCT can provide the benefits of NCT (increased spectral efficiency (less than NS-NCT when compared with BCT), improved het net support, energy saving) in additional scenarios compared to NS-NCT, e.g.:

· non-ideal backhaul to the site hosting the BCT

· single carrier co-channel het net

· new frequency bands

· legacy carrier coverage holes (if legacy UE support is not required)

· S-NCT may be able to provide greater energy saving than NS-NCT (if legacy UE support is not required)

· Can avoid CA by using a single carrier of larger BW

· Can support MBMS for IDLE UEs

· Reasons cited against S-NCT

· Additional specification effort beyond what is needed for NS-NCT:

· DM-RS based PBCH (or TDM legacy and new subframes to enable existing PBCH to be reused)

· CSS on EPDCCH (but may be useful even without S-NCT)

· Mobility support for IDLE mode

· RLM

· Possibly EPHICH

· Benefits could be provided by other means, e.g. 

· macro-assisted NS-NCT

· details FFS (E///: macro-assisted NS-NCT may need S-NCT)

· eNB dormancy

· details FFS

· If S-NCT is used to replace both BCT and NS-NCT, no support for legacy UEs

This contribution reviews the above claims. A companion contribution [1] provides system throughput results for specific scenarios where an S-NCT could potentially be beneficial. 

2 Trade-offs for Introducing an S-NCT
Overhead Comparison

The previous reasons cited in favor or against introducing an S-NCT are subsequently considered in detail. The fundamental question is whether an S-NCT is preferable to a backward compatible carrier type (BCT). A rather simple way to obtain some insight to this question is to consider the benefits of a non-standalone NCT (NS-NCT) for a SCell relative to a BCT for a SCell. The benefits of an S-NCT relative to a BCT will be upper bounded by the benefits of a NS-NCT SCell relative to a BCT SCell. This is because PCell related functionalities, such as common control signaling, mobility and RLM, will need to be supported by an S-NCT and this is typically more efficiently done by a BCT (e.g. the resources required by an enhanced CSS may be 2x the resources required by the CSS to provide the same information as at low SINRs, distributed EPDCCH is about 3 dB worse than PDCCH). 

Spectral efficiency (SE) gains from a NS-NCT are provided by reduced CRS (CRS interference aspects are separately considered). Obviously, any SE gains exist only in the DL. Table 1 summarizes the SE gain of a NS-NCT relative to a BCT with 6 MBSFN subframes/frame and 2 CRS antenna ports (normal CP). It is assumed that an S-NCT will maintain the reduced CRS as frequency/time tracking and measurements based on CSI-RS have so far been deemed insufficient.
Table 1: SE Gain of an NS-NCT relative to a BCT with 6 MBSFN Subframes and 2 CRS antenna ports.
	
	FDD
	TDD - 0
	TDD - 1
	TDD - 2
	TDD - 3
	TDD - 4
	TDD - 5
	TDD - 6

	BCT CRS Overhead
	5.24%
	9.52%
	5.95%
	4.76%
	5.95%
	5.44%
	5.78%
	7.14%

	NS/S-NCT CRS Overhead
	0.95%
	4.46%
	2.23%
	1.49%
	1.49%
	1.27%
	1.12%
	3.17%

	SE Gains of NS/S-NCT vs. BCT
	4.29%
	4.76%
	3.72%
	3.27%
	4.46%
	4.17%
	4.66%
	3.97%


Although it could be argued whether a ~4% overhead reduction justifies the introduction of a NCT, the specification and implementation impact of a NS-NCT are very simple.

Observation 1: The SE gains from reducing CRS REs in a NS-NCT relative to a BCT with 6 MBSFN subframes are ~4%.
Offloading to the BCT PCell the support for common control signaling, mobility, and RLM in case of a NS-NCT is not preserved in case of an S-NCT and the above CRS overhead reductions can be detrimental to the overall SE of the system. RLM measurements are currently based on the CRS and, as it is subsequently discussed, it is unclear whether a reduced CRS from one antenna port in subframes 0 and 5, or other means, can provide a required accuracy for RLM. It is also unclear whether the currently assumed reduced CRS density is sufficient for BWs less than 5 MHz [5]. 
Observation 2: The reduced CRS overhead of an NS-NCT may not be sufficient for RLM measurements in an S-NCT.

In case of an S-NCT, the overhead for the transmission of common control signaling will increase relative to that for a BCT as, due to notably worse DMRS-based channel estimation relative to CRS-based one at low SINRs, the BLER of distributed EPDCCH is about 3 dB worse than the BLER of PDCCH. To determine an additional overhead for common control signaling in an S-NCT relative to a BCT some assumptions need to be made regarding the frequency of signaling for broadcast control and configuration information, paging, RACH process, and TPC commands by DCI 3/3A.   
Assuming SIB transmissions (SIB1 + two SIB-x given 8 transmissions per SIB-x in each 40ms SIB window) in 3 subframes per frame, 2 paging transmissions per frame, 2 RACH response transmissions per frame, 2 DCI 3/3A transmissions per frame, 0 fallback transmissions (e.g. for TM or CA reconfiguration), and an average of 6 CCEs per PDCCH transmission (for an equal probability that an aggregation level of 4 CCEs or 8 ECCEs is used), the total number of required CCEs is (3+2+2+2)*6=54 CCEs per frame. Considering the ~3 dB worse EPDCCH BLER, the total number of required ECCEs is 108 ECCEs per frame. 
Table 2 summarizes the SE loss of an S-NCT relative to a BCT with respect to the % of DL REs required for common control signaling per frame for a 10 MHz BW (larger/smaller loss will exist for smaller/larger system BW). In TDD, common control signaling is assumed to be equally distributed in all DL and special subframes.
 Table 2: SE Gains of an NS-NCT relative to a BCT with 6 MBSFN Subframes and 2 CRS antenna ports.
	
	FDD
	TDD - 0
	TDD - 1
	TDD - 2
	TDD - 3
	TDD - 4
	TDD - 5
	TDD - 6

	BCT Common Control Overhead
	2.31%
	5.79%
	3.86%
	2.89%
	3.31%
	2.90%
	2.57%
	4.63%

	S-NCT Common Control Overhead
	4.62%
	11.57%
	7.72%
	5.78%
	6.62%
	5.80%
	5.14%
	9.16%

	SE Loss of S-NCT vs. BCT
	(2.31%)
	(5.78%)
	(3.86%)
	(2.89%)
	(3.31%)
	(2.90%)
	(2.57%)
	(4.63%)


Additionally, for PDCCH operation, the CCEs for the common search space (CSS) and the UE-dedicated search space (UE-DSS) can be shared. This may not always be the case for EPDCCH operation (e.g. due to allocation of scrambling sequences and DMRS antenna ports) leading to resource (PRB pair set) fragmentation. Further, when the number of RRC-CONNECTED UEs is not very low or when the target PUSCH data BLER is not low, adaptive PUSCH retransmissions (for EPHICH-less S-NCT operation) will consume higher overhead than PHICH-triggered ones (for BCT operation). If EPHICH is specified, it can be expected to require 2x the resources relative to PHICH (similar to distributed EPDCCH requiring 2x the resources of PDCCH).
Observation 3: The larger overhead required to support common control signaling by EPDCCH effectively eliminates CRS overhead reduction gains for an S-NCT. 

Interim Conclusion 1: An S-NCT is unlikely to provide any meaningful SE gain due to overhead reduction relative to a BCT. In case a denser reduced CRS is required for RLM on an S-NCT, or in case non-stationary UEs need to be supported at high carrier frequencies (e.g. 3.5 GHz), SE loss is expected by an S-NCT relative to a BCT.
Functionality Comparison

In the following, the claimed benefits of an S-NCT are further considered.
a) Throughput increase and load balancing in the presence of non-CA-capable UEs

As previously analyzed, an S-NCT does not provide any meaningful overhead savings relative to a BCT and there can actually be additional overhead once RLM or non-stationary UEs are considered (as DMRS based operation is then not as efficient as CRS based one and as at high carrier frequencies, such as 3.5 GHz, mobility becomes an issue for UE speeds as low as 10-15 Kmph). Regarding a potential throughput increase for operation in het-nets or in networks with cells having substantial overlapping coverage, the use of MBSFN subframes in a BCT substantially alleviates the effects of CRS interference [1]. For example, a typical PF scheduler will allocate PDSCH transmissions to cell-edge UEs in MBSFN subframes. It is noted that interference from a reduced CRS also exists for an S-NCT in subframes 0 and 5. It is also noted that both an S-NCT and a BCT can rely on FDM-ICIC. Regarding load balancing for non-CA-capable UEs, using a BCT is always preferable to using an S-NCT [1].

Observation 4: An S-NCT does not offer any meaningful throughput gains over a BCT and would always be worse in terms of load balancing for any mixture of UEs of various capabilities and LTE releases. 
b) S-NCT can be PCell (can support PUCCH offloading)
If PUCCH offloading is required, this can be provided by supporting PUCCH transmissions on a SCell. It is noted that this may also be required for dual connectivity with non-ideal backhaul. Moreover, even without support of PUCCH transmissions on a SCell, the small overhead gains of a NS-NCT relative to a BCT will not be preserved if the NS-NCT becomes an S-NCT as P-BCH, common control signaling, and RLM need to be supported. Therefore, when PUCCH offloading is critical, it is preferable to maintain Rel-11 CA operation with BCTs.  
Observation 5: Rel-11 CA operation with BCTs is preferable for PUCCH offloading. 

c) S-NCT can provide SE/energy benefits over NCT in case of 

a. non-ideal backhaul 

b. single-carrier co-channel het-net 

c. new frequency bands

d. legacy coverage holes
For non-ideal backhaul, dual connectivity is required. This is irrelevant to whether an S-NCT or a BCT is used for the pico/small cell or to whether the carrier for the pico/small cell transmits CRS and can support legacy UEs. 
For a single-carrier het-net, Rel-11 eICIC already provides an efficient solution. Moreover, Rel-11+ UEs can be capable of CRS interference cancellation. It is also preferable to use a BCT, instead of an S-NCT, to avoid coverage holes.
For new frequency bands, whether a BCT or an S-NCT is preferable should again consider SE aspects and additional specification and implementation cost for UEs to support duplicate methods for accessing a network. Therefore, also considering the previous overhead comparison between a BCT and an S-NCT, using an S-NCT is not advantageous. 
To address legacy coverage holes, it should be obvious that a BCT is preferable to an S-NCT as the problem itself is not solved by an S-NCT (legacy UEs still have a coverage hole).

Observation 6: Operation with non-ideal backhaul or in new frequency bands is not relevant for introducing an S-NCT. A BCT is preferable to an S-NCT for operation in single-carrier het-nets or for removing legacy coverage holes.
d) S-NCT may be able to provide greater energy saving than BCT (if legacy UE support is not required)
A comparison between the energy savings afforded by a BCT relative to an S-NCT-like carrier were extensively discussed in Rel-10 and it was concluded that BCT allows for implementation-based energy saving methods without compromising backward compatibility [2]. It is noted that the power consumption from the PA is much larger for a macro-NodeB than for a pico-NodeB and macro-NodeBs providing coverage and capacity will continue to dominate the percentage of power consumption in a network. As a macro-NodeB cannot be frequently turned off, there would be little difference in power consumption between a BCT using MBSFN subframes and an S-NCT that still needs to at least transmit reduced CRS in subframes 0 and 5. For pico-cells, cell dormancy is already provided for a BCT and potential enhancements for faster dormant operation, if appropriate, can be considered. Further analysis in [3] indicates that the energy savings of an S-NCT over a BCT are less than 5% (and they will be even smaller if cell dormancy is considered or if the current density of reduced CRS on an S-NCT proves to not be sufficient for RLM). 
Observation 7: There is no meaningful difference for energy consumption in a network depending on whether BCTs or S-NCTs are used. 

e) S-NCT can avoid CA by using a single carrier of larger BW

It is first noted that LTE specifications are BW agnostic and operation in new BWs has not been defined. Regardless of this aspect, if a new carrier BW is introduced, it is up to a network to decide whether to maintain backward compatibility with CA (or with dual connectivity) or to support only Rel-12+ UEs. It is also be possible in such cases to consider segments and maintain backward compatibility in most of a new BW. Fundamentally, use of an S-NCT is irrelevant if operation with an S-NCT does not afford significant benefits relative to backward compatible operation.   
Observation 8: If any new carrier BW is introduced, CA (or dual connectivity) can apply while maintaining backward compatibility. For single-carrier operation, S-NCT is not advantageous to BCT with segments. 

Interim Conclusion 2: In terms of identified functionalities, there is either no difference between a BCT and an S-NCT or, in some cases such as for load balancing or removing coverage holes, a BCT is preferable to an S-NCT.   
3 Specification Impact for Standalone NCT
The following specification impacts for the introduction of an S-NCT were identified during RAN1#72bis: 

· DM-RS based PBCH (or TDM legacy and new subframes to enable existing PBCH to be reused)

· CSS on EPDCCH (but may be useful even without S-NCT)

· Mobility support for IDLE mode

· RLM

· Possibly EPHICH

Additional specification impacts are likely to exist such as, for example, identification by a UE of a BCT or an S-NCT by PSS/SSS detection, or modifications to higher layer signaling parameters for Rel-12 UEs to be informed of S-NCT cells (which should be black-listed for Rel-11 UEs). Having S-NCT cells that are black-listed for legacy UEs can limit mobility support and may create coverage holes for legacy UEs.
Overall, the specification and implementation impacts for individual signaling aspects may or may not be significant. For PBCH, the same structure as for a BCT may be preserved while DMRS interpolation across PRBs (similar to PDSCH) can be assumed to improve detection reliability. For CSS on EPDCCH, the additional specifications relative to the existing ones for distributed EPDCCH are likely to be minimal. Differentiation between a BCT and an S-NCT can be as simple as moving the location/symbol of PSS or SSS (although this will degrade acquisition time and impact UE implementation as a UE will need to consider additional hypotheses). If EPHICH is not specified, overhead for PUSCH retransmissions relative to a BCT is expected to increase particularly when the number of RRC-CONNECTED UEs is not very low or when the PUSCH BLER is not low. If EPHICH is defined, the specification impact may be significant given the different structure between REGs and EREGs.   
Support for RLM in an S-NCT is not trivial. As RLM is performed only on the PCell, it is not an issue for a NS-NCT. For an S-NCT, RLM will need to be redefined and re-tested. RLM is determined by a number of subframes for which a UE cannot detect hypothetical PDCCH/PCFICH (a BLER is the metric). Obviously, this definition of RLM is not applicable to an S-NCT as there is neither PDCCH/PCFICH nor CRS to use for decoding. Directly re-using the BCT definition of RLM for an S-NCT is not applicable as, unlike CRS in a BCT, a UE cannot be expected to have DMRS in all subframes of an S-NCT (RLM may be limited to distributed EPDCCH as localized EPDCCH further complicates a definition). The reduced CRS is also not appropriate as it only exists in two subframes and would therefore require additional RLM margin with adverse effects to the network operation. Additional RLM margin, which may even vary with the carrier BW, is also likely to be required due to worse time and frequency tracking at very low SINRs and high carrier frequencies. Moreover, a UE will have to implement and RAN4 will have to define hypothetical PDCCH BLER using the reduced CRS which will lead to worse measurements compared to conventional ones and possibly inaccurate RLM as distributed EPDCCH BLER cannot be always assumed to be predictably linked to a hypothetical PDCCH BLER (e.g. PDCCH can have better frequency/interference diversity than distributed EPDCCH – further steps to resolve this issue may consider reduced CRS for EPDCCH detection which will further complicate RLM). Therefore, considerable specification and implementation effort is expected to support RLM in an S-NCT.

Interim Conclusion 3: S-NCT will require new specification, testing, and implementations which, on their totality, are not negligible. RLM is likely to be worse than for BCT and mobility of legacy UEs is likely to be affected.    
4 Conclusions

The fundamental design principle in all LTE Releases after Rel-8 has been backward compatibility. Designs creating a discontinuity in backward compatibility by barring legacy UEs to access carriers of a network and introducing new specifications and UE implementations are typically expected to provide at least 2x-3x improvements in spectral efficiency. Moreover, unlike an NS-NCT which is supported only for RRC-CONNECTED UEs and can therefore have an FGI bit, this is not the case for an S-NCT which will need to also be supported for RRC-IDLE UEs whose behavior would then need to be mandatory and this can also create IoT issues for early deployments. The S-NCT under consideration is practically comparable to a BCT in terms of all metrics and in some cases, such as for load balancing or for mitigating coverage holes, it is worse than the BCT.

System simulation results in [1] for scenarios where an S-NCT is expected to be most beneficial confirm that, when the additional overhead relative to a BCT is considered for common control signaling, the throughput gains of an S-NCT relative to a BCT with 6 MBSFN subframes are minimal and become negative even when a small percentage of legacy UEs exists in the network.

Proposal: An S-NCT is not introduced in Rel-12.    
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