
3GPP TSG RAN WG1 #74
        

              R1-133084
Barcelona, Spain, August 19-23, 2013
Agenda item:
7.2.1.1

Source: 
Samsung 

Title: 



    NCT Considerations and Implications
Document for:
Discussion and Decision
1 Introduction

Trade-offs regarding a use of a New Carrier Type (NCT) were considered in RAN1#73. The following were concluded:

· In scenarios where CA is relevant, the gains of S-NCT compared to NS-NCT depend on the proportion of CA-capable UEs and are large when the proportion of non-CA-capable UEs is not small
· Note that, although it is not directly part of the above comparison, some companies have shown that BCT has similar gain over NS-NCT in such scenarios
· In the absence of legacy UEs, the gains of S-NCT compared to BCT show a large spread between different companies 

· Study further

Additional observations were presented in [1] and include the following: 
· Existence of legacy UEs negates any throughput gain of an NCT over a BCT

· When legacy UEs exist in a network, using a BCT is preferable to using an NCT for coverage hole avoidance and load balancing

· NCT resource requirements for supporting common control signaling, DL HARQ-ACK signaling, and RLM may negate CRS overhead savings or throughput gains of a NCT vs. a BCT. 

This contribution provides further analysis on the use cases, the presumed benefits, and the specification and implementation impacts of an NS-NCT and of an S-NCT.
2 Attributes of New Carrier Types
NS-NCT
The case of an NS-NCT is first considered. Two possibilities are associated with the use of an NS-NCT; either an S-NCT is available/defined or only a BCT is available.

If an S-NCT is available, the gains from an NS-NCT over an S-NCT are limited to the absence of system information signaling and, possibly (but unlikely), to the absence of synchronization signals. Such overhead savings are minimal (e.g. ~1% at 10 MHz). Conversely, any gains from an NS-NCT require that practically all UEs in the network are capable of DL CA. Due to UE roaming and the existence of lower category UEs, invariant DL CA capability for all UEs in a network cannot be assumed. Therefore, an NS-NCT is at best equivalent to an S-NCT or, typically, much worse than an S-NCT in terms of achievable throughput. 

If an S-NCT is not available, the gains from an NS-NCT over a BCT are due to the reduced CRS overhead and due to reduced CRS interference. With the use of 6 MBSFN subframes per frame on BCT, the throughput gains of an NS-NCT relative to a BCT are limited to ~5% (e.g. [2]). Moreover, any throughput gains are conditioned on nearly all UEs in the network being CA-capable ones and significant throughout losses occur relative to a BCT even when a small fraction of the UEs are not CA-capable. Further, any throughput gains are conditioned on practically all UEs practically being quasi-stationary (so that DMRS can be effectively used). Therefore, similar to an S-NCT, throughput gains of an NS-NCT relative to a BCT are either marginal (~5%) at best or are typically negative.  

Observation 1: Deployment of an NS-NCT is unlikely as, in practice, it provides no gains over an S-NCT or a BCT. 
Given that an NS-NCT is not expected to be used in practice, the specification and implementations impacts of an S-NCT relative to a BCT should include those of an NS-NCT relative to a BCT instead of being assumed as incremental to those of an NS-NCT relative to a BCT. Therefore, the specification and implementations impacts associated with an S-NCT do not include only support of P-BCH, enhanced CSS, enhanced PHICH, and RLM but also include the ones of reduced CRS, associated RRM, new TBS, new versions of TM10 and fallback support for PDSCH, carrier type determination, and TDD aspects (e.g. scheduling support for special subframes without EPDCCH).     
Observation 2: The specification and implementation impacts of an S-NCT relative to a BCT include both the ones of an NS-NCT relative to a BCT and the ones of an S-NCT relative to an NS-NCT. 
S-NCT
The main claimed benefits of an S-NCT relative to a BCT can be summarized as:
a) Throughput increase and load balancing
b) Energy savings

A potential throughput increase of an S-NCT relative to a BCT is due to two factors; the overhead reduction and the interference reduction due to reduced CRS. Load balancing, as well as the avoidance of coverage holes, are actually unfavorable to a use of an S-NCT relative to a BCT. When comparing a signaling overhead between an S-NCT and a BCT, both the CRS and the signaling of control channels should be considered.
Macro Cells

At least for a macro eNodeB, CRS overhead reduction for an S-NCT is offset by an overhead increase for transmission of common control signaling [3]. An overhead comparison becomes negative for an NCT if UE-specific PDCCH/EPDCCH signaling, DL HARQ-ACK signaling, broadcast signaling, and RLM are considered. 
For UE-common or UE-specific control signaling, twice as many resources are needed on an NCT than on a BCT as the BLER for distributed EPDCCH is about 3 dB worse than the one for PDCCH (primarily due to worse TxD performance at high SINRs and due to worse channel estimation performance at low SINRs). For DL HARQ-ACK signaling, an additional overhead increase is expected if only adaptive retransmissions are used and an enhanced PHICH is not defined [4]. If an enhanced PHICH is defined, the specification impact will either be non-negligible (if a structure similar to the PHICH one is followed) or the efficiency will be poor if an enhanced PHICH is based on an existing DCI format such as DCI format 3/3A [5, 6] (overhead will also increase due to worse BLER as demodulation will be DMRS-based per subframe and performance of random beamforming is worse than SFBC).  
Therefore, for a DL control signaling overhead of 2 OFDM symbols in a BCT (14.3%), a respective overhead for an S-NCT will be at least twice as large resulting to an additional overhead of 14.3%. Considering that the CRS overhead reduction in an S-NCT relative to a BCT with 2 CRS ports and 6 MBSFN subframes is about 4.3% [3], an S-NCT will require at least 10% additional overhead relative to a BCT. This overhead is not offset by a throughput gain an S-NCT may observe relative to a BCT [5]. This comparison is likely to become worse if RLM support or P-BCH BLER, or PDSCH fallback mode BLER are also considered. This comparison will also become significantly worse (>20% more overhead on an S-NCT) if a fully loaded system is considered (e.g. 3 OFDM symbols for PDCCH on a BCT).
Observation 3: At least for a macro cell, an S-NCT is expected to require at least 10%-20% more overhead than a BCT and also require additional margin for RLM resulting to more frequent handovers. In terms of overall throughput, an S-NCT is worse than a BCT.

Small Cells
For a small cell, DL control signaling overhead may be smaller for both a BCT and an S-NCT assuming that UE-common control signaling (scheduling SIBx, paging, or RACH response) can be transmitted less often than for a macro cell or that localized EPDCCH can be used instead of distributed EPDCCH. However, such reductions on DL control signaling depend on particular assumptions. For example, for isolated cells with very few attached UEs, a reduction in UE-common DL control signaling can occur while for clustered cells where some cells are turned-off a significant reduction in UE-common DL control signaling may not be possible. The use of localized EPDCCH may also be limited in small cells due fast and significant interference variations [9] and localized EPDCCH BLER can be worse than PDCCH BLER when CSI quantization or measurement errors or sub-band based CSI (not PRB-based CSI) are considered [6, 7].
Therefore, 4 PRB pairs (to support only one UE-common DCI format with reduced frequency diversity) or 8 PRB pairs are expected to be used for EPDCCH transmissions per subframe in a small cell. At 10 MHz and 8 PRB pairs for EPDCCH, the respective additional overhead for DL control signaling for an S-NCT (relative to a BCT using 1 OFDM symbol) is 9% (16% - 7%). Considering the reduced CRS for an S-NCT and also the support for PUSCH retransmissions (using enhanced PHICH or adaptive retransmissions will certainly result to larger overhead compared PHICH), P-BCH, and RLM, the overhead associated with the use of an S-NCT in a small cell will be at least 10% larger than for a BCT. Given that the throughout gains of an S-NCT over a BCT are typically limited to less than 10% (MBSFN subframes, moderate/high loads) [5], no meaningful throughput gains are expected from an S-NCT over a BCT.
Observation 4: For a small cell, an S-NCT is expected to require more overhead than a BCT. In terms of overall throughput, an S-NCT is expected to be comparable to a BCT. 
Regarding the potential energy savings from an S-NCT relative to a BCT, it is generally understood that most of the energy consumption on a network is by the macro NodeB and limiting an S-NCT only for small cells is unlikely to provide meaningful energy savings (e.g. energy savings in that case are in the order of 5%). The studies in Rel-10 already concluded that a macro using a BCT macro can offer comparable energy savings as a macro using an S-NCT-like carrier [8] (for example, an S-NCT needs to transmit reduced CRS in subframes 0 and 5 while a BCT can configure as MBSFN 6 subframes per frame). Additionally, a macro using a BCT can avoid throughput losses associated with a macro using an S-NCT.

Observation 5: A BCT allows for implementation-based energy savings that are comparable to those of an S-NCT without compromising backward compatibility or DL throughput.

Finally, although deployment of an S-NCT can be optional for a network, it is mandatory for a UE as an S-NCT needs to be supported for the RRC-IDLE state.  This can create IoT issues for early deployments of Rel-12 (or of any given future release) even if an S-NCT is not to be deployed for many years until Release 8-11 UEs are completely phased out. From an operational perspective, and considering that a cornerstone of LTE has been the support of UE mobility, a network has three choices if an S-NCT were available; either deploy NCT on the macro cell and suffer significant throughput losses and more frequent handovers (even without any legacy UEs), or deploy a mixture of BCT and NCT and suffer increased UE and network complexity and some throughput losses, or maintain the use of BCT. The last choice is clearly preferable. 

3 Conclusions

This contribution considered attributes associated with the use of an S-NCT. The following observations are made:
Observation 1: Deployment of an NS-NCT is unlikely as, in practice, it provides no gains over an S-NCT or a BCT. 
Observation 2: The specification and implementation impacts of an S-NCT relative to a BCT include both the ones of an NS-NCT relative to a BCT and the ones of an S-NCT relative to an NS-NCT. 

Observation 3: At least for a macro cell, an S-NCT is expected to require at least 10%-20% more overhead than a BCT and also require additional margin for RLM resulting to more frequent handovers. In terms of overall throughput, an S-NCT is worse than a BCT.

Observation 4: For a small cell, an S-NCT is expected to require more overhead than a BCT. In terms of overall throughput, an S-NCT is expected to be comparable to a BCT. 

Observation 5: A BCT allows for implementation-based energy savings that are comparable to those of an S-NCT without compromising backward compatibility or DL throughput.

Given the above observations, that designs creating a discontinuity in backward compatibility are typically expected to provide at least 2x-3x improvements in spectral efficiency, and that an S-NCT will effectively be a mandatory feature for Rel-12 UEs, the following is proposed:

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