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1. Introduction

At RAN#56, it was decided [2] that NCT would be introduced in Rel-12, according to the following procedure and schedule [1][2]:  

· ”Postpone New Carrier Type to Rel-12. 

· Agree in principle to approve a new Work Item at RAN#57 covering NCT, starting work in Oct or Nov 2012 depending on RAN1 workload.

· Justification section of WID should describe the intended use case(s)

· Details of WID to be finalised for RAN#57

· Work will proceed from the starting point of the agreements and working assumptions reached so far in RAN1 during the Rel-11 work item. 

· Completion of RAN1 aspects by e.g. RAN#60 (June 2013), enabling performance requirements to be completed in RAN4 in Rel-12 timeframe.” 

In the subsequently adopted time plan, one of the goals for the first meetings of the NCT WI is developing a flexible BW solution. 

However, in the WID updates [3], the description of the flexible BW feature has not been captured, and therefore we believe further clarifications would be necessary [6][7]. 
2. Discussion

Flexible BW is a feature with related discussions going back to Rel-10 and even earlier. For operators with allocation of channels that are multiples of 5 MHz, flexible BW is not essential. However, for operators using other channel allocations, there is some inefficiency with the current set of supported BW cases. 
The framework agreed in Rel-10 to address flexible BW is using CA. The typical application is to aggregate a larger and a smaller BW CC targeted at band filling. This allows the operation of non-CA capable UEs with reasonable efficiency (configured to operate on the larger BW CC).  This approach has the advantages and disadvantages shown in Table 1. 
	Advanatages
	Notes
	Disadavantages
	Notes

	Backward compatibility
	Legacy non-CA UEs can operate in the full BW of the larger BW CC
	Since the typical case is aggregation of a larger BW CC with a smaller BW CC, the known design efficiencies of low BW LTE are inherited
	The control overhead is large because grants on the small BW CC (irrespective of which CC the grant is delivered on) can only address a few RBs in any subframe 

	“Modularity”, i.e. different BW cases can be addressed with different combinations of the existing 6 BW cases
	However, each application in each target band is still a new WI, so the simplification is not readily apparent
	Restriction of k*300kHz center frequency offset between aggregated CCs creates artificial limitation
	In some cases, unneeded guardbands are introduced

	
	
	Soft buffer limitation
	The CA framework was not designed to efficiently address aggregation of highly asymmetric BW CCs


Table 1  List of advantages and disadvantages of the CA-based band filling approach
We note that the CA-based flexible BW solution has not been deployed in practice. This might be attributable to the fact that that the available channel BW combinations do not address the immediate deployment cases, or it may be simply due to that that spectral efficiency utilization has not been a priority.  Probably this aspect could be also discussed in RAN4 during the necessary investigations of RF impacts and trade offs with benefits.     

 RF issues
For the support of CA, there are two general implementation cases considered:  single chain or dual chain solutions. In the case of CA addressing band filling, mostly single Rx chain solutions can be considered, due to the contiguous CC allocation and also due to the typically highly asymmetric CA BW combination. (Utilizing a single RF chain has benefits in reduced power consumption, even for those devices that have multiple RF chains available.) 
The single Rx assumption has the following consequences:
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Example band filling solution could be, for example:
· Defining a new channel BW (e.g. 6 MHz, with 30 RB occupied RBs)

· CA of carriers where one of the CCs has a new channel BW (e.g. 5 RBs)
· CA involving a legacy and an NCT carrier where NCT has a new channel BW (e.g. 5 RBs)

· Carrier segments [6]
Based on the above observation, we make the following proposal:
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 Relationship between NCT and band filling

There are two potential reasons why the goal of improved BW flexibility and NCT may seem paired: 

a) Opportunity to specify a Rel-12 solution in the existing NCT WI timeframe
b) There are certain design features (for example, in a hypothetical 5 RB CC used for 6 MHz band filling, PSS/SSS cannot be used) implying some possible similarities to certain NCT design options
However, one of the main problems is that band filling is just one possible case for NCT and the majority of companies don’t prefer the general design to be specifically tailored towards the flexible BW requirements.  For example, the majority of companies prefer not to remove PSS/SSS in the synchronous NCT case [4], which removes the potential similarity mentioned in bullet point b) above to begin with. 

In addition, there are other NCT design choices that were made already that are not well suited to the band filling use case. For example:  
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 Design goals for band filling

In our view, the long term design goal for band filling is to remove all the disadvantages listed in Table 1. In order to achieve this, joint grants could be defined in the current or in a future release. The joint grants require the capability to use the same transmission mode in the combined bandwidth.  
Based on this, we make the following proposal: 
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 Segments and band filling
Using segments is one possible design choice that can remove all the disadvantages listed in Table 1.  A possible design choice for segments could be characterized by the following properties [6] (Note that the highlights indicate some small differences/additions compared to [6])
· Segment is in the same band with backward compatible carrier (BCC)
· Segment and BCC are on the same 15 kHz raster

· Center frequency of segment need not be on a 100 kHz raster

· Segment is only in downlink

· Segment size is less than x % of the aggregated BW, with TBD x, in the range 0 < x < 50
· BCC and segment are synchronized in time and frequency
· PSS/SSS/PBCH/SIBs are not transmitted in segment
· Single (e)PDCCH DCI indicates both BCC and segment

· One HARQ for BCC and segment

· The maximum resource allocation size as the sum of BCC and segment is 110 PRB pairs (20MHz)
· Segment supports only unicast PDSCH
· CRS is transmitted on segment, and TM1-10 can be supported
· Following points would be RAN4 discussion

· FFS on guard band between BCC and segment
· FFS on segment can be either on both edges or one edge of BCC
It seems that using segments is a possible candidate solution for the flexible BW use case. In order to further evaluate it, we propose the following:
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3. Conclusion
In this contribution, we have discussed the relationship between the flexible BW use case and NCT and have made the following proposals.
Proposal 1: 

Before developing a particular RAN1 solution for band filling, it should be decided in RAN4 whether any solution targeting a non-standard aggregated BW (i.e. one that is not the sum of existing BW cases) is going to be supported. 

Proposal 2: 

If a CA-based approach is used to address band filling, the CRS pattern in time should be the same in the component carriers. 

Proposal 3: 

After the RAN4 decision regarding the support of new aggregated BW cases, discuss whether segments should be supported; and if yes, whether it could be done in the NCT WI.  
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With the assumption that the band filling cases will be addressed with single chain receivers, all band filling solutions are essentially equivalent to adding a new channel BW from the RF view point. 





Proposal: 


Before developing a particular RAN1 solution, it should be decided in RAN4 whether any solution targeting a non-standard aggregated BW (i.e. one that is not the sum of existing BW cases) is going to be supported. 


  





An important design choice for NCT was that CRS (TRS) is only transmitted in one out of five subframes.  This was motivated with the argument that energy savings in an unloaded cell can be only realized with reduction of CRS tranmissions in time.  


However, whenever a common Tx chain is used for the CCs, which is what should be assumed for any band filling solution, the NCT motivation doesn’t hold.  Since NCT is aggregated with a backward compatible carrier (BCC) in Phase 1, and since BCC CRS transmission anyhow cannot be reduced in time, there is no energy saving with NCT. 


  





Proposal: 


If a CA-based approach is used to address band filling, the CRS pattern in time should be the same in the CCs. A symbol that contains CRS in one of the CCs should also contain CRS in the other CC(s), in order to allow using the same TM across CCs with any TM. 





Proposal: 


After the RAN4 decision is made regarding the support of new aggregated BW cases, discuss whether segments should be supported and if yes, whether it could be done in the NCT WI.  
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