
3GPP TSG RAN WG2 #67

















R2-094872
24 ~ 28 August, Shenzhen, China 
Agenda Item:

7.3
Souce:
Samsung
Title:




Discussion on carrier types
Document for:

Discussion/Decision
1. Introduction

Last RAN 1 meeting reached the agreement on the definition of carrier types; Backward compatible carrier, Non-backward compatible carrier and Extension carrier. 
<Table 1> Agreements on carrier type definition.
	Carrier type definition agreed in RAN1 #57

· Backwards compatible carrier: 

· A carrier accessible to UEs of all existing LTE releases. 
· Can be operated as a single carrier (stand-alone) or as a part of carrier aggregation. 
· For FDD, backwards compatible carriers always occur in pairs, i.e. DL and UL. 

· Non-backwards compatible carrier: 
· If specified, a carrier not accessible to UEs of earlier LTE releases, but accessible to UEs of the release defining such a carrier. 
· Can be operated as a single carrier (stand-alone) if the non-backwards compatibility originates from the duplex distance, or otherwise as a part of carrier aggregation. 
· Extension carrier: 
· If specified, a carrier that cannot be operated as a single carrier (stand-alone), but must be a part of a component carrier set where at least one of the carriers in the set is a stand-alone-capable carrier.


It is still to be discussed whether those new carrier type should actually be introduced. This contribution analyze the potential gains from new carrier types. 
2. Discussion 
<Non-backwards compatible carrier>
Non-backward compatible carriers, as seen from the definition, can have totally different shapes from the backwards compatible carriers. Following is th list of potential new featurs. Probably the list is non-exhaustive but captures all the major ones identified so far. 
· flexible RX-TX separation

· Different SCH for better cell search performance

· Different RS 

· Different system Information

Table 2 summarizes the potential cost and benefit of the features.
	
	Cost
	Benefit

	Flexible Rx-Tx separation
	· It is more of ‘to be’ or ‘not to be’ type of feature. If there is signicant scenario that requires flexible Rx-Tx separation, it should be supported. Otherwise, not need to be supported.
· It is rather RAN4 issue whether it is necessary or not.

	Different SCH
	· LTE-A UE is required to implement multiple cell search procedures
	· Better cell search performance
· It is RAN1 issue to judge the benefit. 
· Just for information, our understanding is that REL-8 cell search is good enough and there will be not much enhancement.

	Different Reference Signal 


	· LTE-A UE is required to implement RS decoding capability of different types of RS
	· NBCC transmits only LTE-A specific RS. (In other words, if there is no NBCC, BCC shall transmits both LTE RS and LTE-A RS)
· It is  RAN1 issue to judge the benefit

	Different system Information


	· LTE-A UE is required to implement system information decoding capability of much more different types of system information
	· REL-8 system information is designed well. No significant gain is foreseen.


Cost/Benefit analysis is not complete because many items belong to other WGs. However it sems that at least RAN2 point of view there is no motivation to introduce non-backwards compatible carriers.
Proposal 1: To agree that there is no motivation to introduce non-backwards compatible carriers in RAN2 point of view.
<Extension carrier>
Extension carrier is only accesible by connected mode UE. Thus system overhead required to accomodate idle mode UEs could be removed completely. It includes SCH/system information/paging. Additionally, one can consider to design extension carrier without PDCCH.  

Table 3 summarizes the potential benefit in each case.
	
	Benefit

	No SCH

	· It is RAN1 job to estimate the benefit of being without SCH. 
· Just for information, our estimation is that the gain is not significant.
· less than 1% gain in terms of resource
· 2 ~ 3 % gain in terms of transmission power

	No system information
	· The gain from not providing system information is quite trivial.(~ 1% in typical cases)
· See the annex for detail.

	No paging message
	· The gain from not providing paging message is quite trivial.(< 0.01% in typical case)
· See the annex for detail.

	No PDCCH 
	· The idea would be that scheduling information for the extension carrier is transmitted in other carrier.

· Thus in principle the amount of scheduling information over the air is same. 
· Probably small gain from not sending PCFICH would exist. 
· In 10MHz cell with 2 symbols in control region, 250 REGs are available. 
· PCFICH consumes 4 REGs, thus the saving is less than 2% 
· However this benefit seems to be well offset by the additional complexity/overhead.

· UE need to monitor the extension carrier every subframe because it does not know whether there is data for it until control region in the other carrier is fully decoded.

· DCI format need to be modified to include e.g. carrier id.


Above analysis seems to clearly say that the gain is not enough to justify the extension carrier.
Proposal 2: To agree that there is no motivation to introduce extension carriers in RAN2 point of view.
3. Conclusion
Introducing new carrier types should be justified with enough motivation. It has shown that the gain from defining those new carriers is trivial in RAN2 standpoint. It is proposed to agree that there is no motivation to introduce new type carriers in RAN2 point of view. It is further proposed to liaison RAN1 to inform the RAN2 opinion.
Annex
<The estimated overhead of system information>
For the analysis, only MIB, SIB1 ~  SIB 7 are considered. Table below summarizes the overhead due to the system information in a typical case.
Note : only the size of IEs are considred (i.e. presence bits are not counted). thus the actual size could be a bit higher than the values listed in the table.
	
	Periodicity
	Repetition
	Message size (bit)
	resource consumption (bps)
	Note

	MIB
	0.04
	4
	24
	2400
	　

	SIB1
	0.08
	4
	95
	4750
	No PLMN sharing. Non-CSG cell

	SIB2
	0.32
	4
	272
	3400
	3 MBSFN subframe configurations

	SIB3
	0.32
	4
	65
	813
	　

	SIB4
	0.32
	4
	26
	325
	No intrafrequency cell list, one black list, one csg phycellidrange

	SIB5
	0.64
	4
	213
	1331
	3 inter-frequencies without specific neighbor list

	SIB6
	0.64
	4
	156
	975
	3 FDD UTRA carrier frequencies

	SIB7
	0.64
	4
	183
	1144
	3 CarrierFreqsInfoGERANs

	Total
	15138
	　


Assuming spectral efficiency in cell edge is 0.6 bps/Hz/cell (RAN1 official summary on the performance verification of LTE), the overhead reduction by not having system information is shown in table below.

	System BW (MHz)
	cell edge throughput (Mbps)
	overhead

	1.4
	0.84
	1.80%

	3
	1.8
	0.84%

	5
	3
	0.50%

	10
	6
	0.25%

	20
	12
	0.13%


One can argue that instead of cell edge spectral efficiency average spetral efficiency shall be considered. In that case the overhead is further reduced by 3 times.
<The estimated overhead of paging message>
Since there is no well defined way to estimate the paging overhead, the overhead is approximated based on several assumptions and simplified model.
The number of paging messages in a cell is calculated by the product of number of UEs in a cell and the average number of pagings per UE. The assumption used in the calculation is that average number of pagings per UE per Hour is either 1, 5 or 10 times. The average number of UEs per cell is assumed as either 1000, 5000 or 10000. Then the number of paging messages per cell per hour is between 1000 ~ 100000.
The size of paging message depends on the number of paging records multiplexed in a paging message. For simplicity, one paging message is assumed to contain only one paging record. Then the size of paging message is 60 bit (8 b L2 overhead + 52 b paging message).
Table below shows the overhead caused by paging messages.
	Number of pagings per cell per hour
	1000
	5000
	10000
	25000
	50000
	100000

	Number of pagings per cell per second
	0.28 
	1.39 
	2.78 
	6.94 
	13.89 
	27.78 

	paging overhead (bit)
	16.67 
	83.33 
	166.67 
	416.67 
	833.33 
	1666.67 

	overhead in 5MHz cell
	0.001%
	0.003%
	0.006%
	0.014%
	0.028%
	0.056%


