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1. Introduction
A new study item Scalable Bandwidth UMTS by Filtering was agreed in RAN#62 meeting [1]. The objectives of this study item are: 
·  Evaluate mechanisms that enable the Scalable Bandwidth UMTS by Filtering based on narrow-band filter over 3.84 Mcps BB signal. Potential optimizations to mitigate ISI and other expected performance degradations associated with filtering should be studied (e.g. setting every second chip to zero to mitigate ISI for 2.5MHz bandwidth). The study will focus on mechanisms which do not impact the chip bit rate and TTI length.
·  The following scenarios and requirements should be targeted: 
	Mode of Operation
	(Scaled) Bandwidth
	Requirements
	Bands

	Standalone
	2.5MHz
	Can support data and voice 
	Band VIII (900 MHz); 

Band I (2.1 GHz)

	
	1.25MHz
	Data only
	Band VIII (900 MHz); 

Band I (2.1 GHz)

	Multi-carrier
(Adjacent)
	5 MHz + 2.5 MHz

5MHz + 1.25 MHz 
	
	Band VIII (900 MHz); 

Band I (2.1 GHz)


Note: other bands/configurations may be considered and added later, based on interest.
This contribution provides some general considerations on filtered S-UMTS for both standalone and multi-carrier scenarios.
2. Discussion
The scalable UMTS by filtering and chip zeroing was proposed in [4] in the RAN1#75 meeting and was agreed as a potential solution in the new study item [1] . This solution mitigates the inter symbol interference experienced with filtered UMTS only, by zeroing all chips except every Nth chip of the 3.84 Mcps UMTS signal. Due to filtering with chip zeroing operation, several new issues should be considered such as reduction of available OVSF codes, increase of common channel overhead and the impact on synchronization process and random access process, etc.
2.1 For both standalone and multi-carrier scenarios
2.1.1 [bookmark: _Ref376890568]Available OVSF Code channel reduction
One impact of chip zeroing operation is that the available code tree will be reduced by a factor of N, i.e. N=2 for 2.5MHz filtering, and N=4 for 1.25MHz filtering. The available OVSF code tree is illustrated in Figure 1. For instance, assuming every 2nd chip is set to 0, the output of Cch,2,0 and Cch,2,1 as a consequence would be exactly the same. And for each channelization code Cch,SF,x of their sub code tree, there exists a companion code Cch,SF,x+SF/2 that will have the same output after chip zeroing operation, such as Cch,4,0 with Cch,4,2. Note that in Figure 1, each available code can be replaced by its companion code unless its sub-codes are occupied. 



[bookmark: _Ref376873524]Figure 1: Illustration of OVSF tree availability in 2.5MHz and 1.25MHz filtering scenarios

Due to the available OVSF Code channel reduction, the performance of 2.5MHz and 1.25MHz filtering, especially in terms of normalized peak rate, will be impacted. 
In the DL, HSDPA uses the fixed SF=16 channel, index from 1 to 15 for 5MHz UMTS. However in the scenario of 2.5MHz filtering, only index 1 to 7 is available, and in the scenario of 1.25MHz filtering, only index 1 to 3 is available. This will cause the peak data rate of 2.5MHz less than 1/2 of UMTS (for 1.25MHz, the peak data rate is less than 1/4 of UMTS).
2.1.2 Common channel overhead increase
In the DL we assume the PSD of transmitter would keep the same for any scenario. If the data rate of a common channel such as P-CCPCH, P-CPICH, PICH, and HS-SCCH keeps the same as 5MHz UMTS, the same absolute power is required for this channel, and hence it results in N times power ratio in narrower bandwidth filtered scalable UMTS compared to normal UMTS. The increase of common channel overhead will reduce the available power assigned to HS-PDSCH and hence the DL throughput will be further impacted. Figure 2 illustrates the available HS-PDSCH power reduction caused by common channel overhead increase. Note that for N=4 (1.25MHz filtering), there is no power available for HS-PDSCH, since all the power will be occupied by common channels.
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[bookmark: _Ref377566388]Figure 2: Illustration of available HS-PDSCH power reduction caused by common channel overhead increase

2.2 For standalone scenario only
2.2.1 Synchronization (SCH)
In standalone scenario, the first step of UE to access the network is DL synchronization, which is based on SCH. Since there is no spreading for SCH, the chip zeroing operation will result in the loss of the original information bits, which may further break the correlation property of synchronization codes.
To ensure the same amount information bits transmitted over SCH, filtering without chip zeroing for SCH is preferred. In addition, since the SNR required for SCH is low, the link performance of filtering solution is proved to be similar to that of filtering with chip zeroing from the simulation results in [4].
Proposal 1:	Filtering without chip zeroing shall be applied for SCH.
2.2.2 Random access (PRACH),
The preamble signature s, 0  s  15, points to one of the 16 nodes in the code-tree that corresponds to channelisation codes of length 16.The sub-tree belonging to the specific node is used for spreading of the message part and the control part.
Due to the available OVSF Code channel reduction mentioned in section 2.1.1, the number of available PRACH signatures would be also reduced to 1/N of that in normal UMTS. Consequently, the collision probability of random access would be increased assuming support of the same number of UE. When considering the support of E-RACH which requires the signature split, the available signature number would be quite limited. 
To avoid the number of available signatures decrease, filtering without chip zeroing for PRACH is preferred. In addition, the same consideration applies that in case of low SNR level the link performance of filtering solution is proved to be similar to that of filtering with chip zeroing. 
Proposal 2:	Filtering without chip zeroing shall be applied for PRACH.

2.3 For multi-carrier scenario only
2.3.1 Cross-carrier scheduling
As the scalable UMTS serves as non-standalone secondary cell, most common channels can be removed and the available HS-PDSCH power increases. To further reduce overhead and improve data transmission efficiency in the secondary cell, cross carrier scheduling can be considered, as illustrated in Figure 3. 
· Cross carrier scheduling:
· Data transmitted in the secondary cell (f2), 
· The control information for the data is always indicated in the primary cell (f1), and an indicator could be explicit or implicit included in the control information to notify the UE about which carrier this control information belongs to.
· HS-SCCH can be removed from the secondary cell.


[bookmark: _Ref350955362]Figure 3: Illustration of cross carrier scheduling

Figure 4 illustrates available HS-PDSCH power increase by introduction of cross carrier scheduling when considering one HS-SCCH is removed from the scalable cell. Note that small power availability for HS-PDSCH in the scalable UMTS cell would reduce the frequency scheduling gain which is the main contributor to overall cell throughput, especially for N=4 (1.25MHz scalable UMTS cell).
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[bookmark: _Ref377568058]Figure 4: Illustration of available HS-PDSCH power increase by cross carrier scheduling
A further analysis on power allocation between 2 carriers is provided in the Annex. It shows that the total throughput can be maximized if the power ratio for data channel of two carriers is balanced. From Table 1 we can observe that the imbalance of power ratio allocated to HS-PDSCH for cross-carrier scheduling and non-cross-carrier scheduling is similar to each other for 2.5MHz secondary carrier, meanwhile it is more balanced by cross-carrier scheduling for 1.25MHz secondary carrier.
[bookmark: _Ref378584178]Table 1: Power ratio by different scheduling method
	
	Non-cross-carrier scheduling
	Cross-carrier scheduling

	5MHz primary + 2.5MHz secondary
	74% for primary, 67% for secondary
	68% for primary, 80% for secondary 

	5MHz primary + 1.25MHz secondary
	74% for primary, 35% for secondary
	61% for primary, 60% for secondary



Another benefit of cross carrier scheduling is that it optimizes the sharing of OVSF code resource for HS-SCCH and possesses the potential for reducing the total number of HS-SCCH monitored by UE, which has been discussed in the Annex in [3], which is also included in the Annex.
The benefits of cross-carrier scheduling for filtered scalable UMTS carrier aggregation can be summarized as:
· The coverage of HS-SCCH in primary carrier can be well guaranteed
· The available power for HS-PDSCH in the secondary cell is increased which is good for data transmission in the secondary cell and also helps to balance the control channel overhead between the primary cell and the secondary cell.
· Optimized sharing of OVSF code resource for HS-SCCH and potential for reducing the total number of HS-SCCH monitored by UE.
· Enable UE DRX on the secondary cell when no HS-SCCH intended for the secondary cell is detected in the primary cell.
Proposal 3:	HS-SCCH intended for the secondary cell shall be transmitted on the primary in case of scalable UMTS carrier aggregation.

2.3.2 Pilot enhancement
In 2x2 MIMO study it is observed that the introduction of S-CPICH on the 2nd antenna necessary for MIMO demodulation degrades the performance of legacy UE (R5 HSDPA UE), and finally the power of S-PCICH is reduced as tradeoff. In 4-branch HSDPA study, the introduction of 3rd and 4th pilot would also impact legacy SIMO and MIMO UE, and the solution is to introduce demodulation pilots only transmitted together with data, while the 3rd and 4th pilot are mainly used for CSI measurement and transmitted with a very low power.
By introduction of scalable UMTS, no legacy UE can access the small bandwidth cell so that it is possible to apply a relative new principle for designing pilot. Similar mechanism of 4-branch MIMO pilot design can be considered.
· Pilot design
· CSI-pilot: transmitted all the time with low power level which is sufficient for CSI evaluation
· Demodulation-pilot: transmitted together with data only with proper power level


Figure 5: Illustration of transmission of demodulation pilot and CSI-pilot.
Benefits:
· Low power consumption for pilots
· When data is not transmitted in the secondary cell, the power level is quite low
· When SIMO UE is coexistent with MIMO UE, the low power level pilot for MIMO causes much lower interference to SIMO UE in case MIMO UE is not scheduled.
According to the discussion in [5], for 4-branch MIMO, 1/8 of CPICH power is enough for CQI measurement. Figure 6 illustrates the power consumption reduction (40% -> 5%) by introduction of lower power level CSI-pilot when no data is transmitted for 1.25MHz carrier. When data is transmitted, the demodulation pilot is allocated with 35% of total Tx power, and UE can synthesize the channel by combining both the CSI-pilot and demodulation pilot.  
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[bookmark: _Ref377569858]Figure 6: Power allocation of P-CPICH and CSI-pilot

Proposal 4:	Introduce CSI-pilot and demodulation pilot on the secondary carrier in case of scalable UMTS carrier aggregation.
3. Conclusion
In this contribution, issues related to filtered S-UMTS, especially when zeroing is applied, are discussed. It is proposed:
Proposal 1:	Filtering without chip zeroing shall be applied for SCH.
Proposal 2:	Filtering without chip zeroing shall be applied for PRACH.
Proposal 3:	HS-SCCH intended for the secondary cell shall be transmitted on the primary in case of scalable UMTS carrier aggregation.
Proposal 4:	Introduce CSI-pilot and demodulation pilot on the secondary carrier in case of scalable UMTS carrier aggregation.
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5. Annex
5.1 The optimal power ratio
Symbols:
i: index of carrier
T: The total throughput of all carriers
Ti: Throughput of carrier #i;
Bi: Bandwidth of carrier #i;
: Efficiency of capacity turning to throughput
SNRi: signal to noise power ratio of carrier #i
gi: The best geometry, Ior/Ioc, of all UEs in carrier #i
ri: Ratio of data power over total signal power of carrier #i
Ai: Amplify coefficient of carrier #i, turning gi*ri to SNRi
Pi: The maximum power of carrier #i
Pdata: The total power assignment for data transmission
: The probability density of gi 

Constraint condition:
Assume the PSD of carriers keeps the same, and then we have: 
The relation of power ratio with maximum power: 
The throughput of carrier #i can be approximately expressed as below: 

We can easily have the following equation:


Let’s consider the expectation of T: 


Some further assumptions: 
Then we find that the derivative of  can be deduced as below: 


We observe that , consequently the sign of  is depended on the sign of (r2-r1);
, when , i.e. 
, when , i.e. 
, when , i.e. 
When r1 is from 0 to , the 
From the analysis above, it shows that the total throughput of carriers can be optimal when the power ratio of data is balanced. 

5.2 Monitored HS-SCCH number decrease by cross scheduling 
An additional benefit by crossing scheduling is that the total required number of HS-SCCH for supporting the same scheduling flexibility (defined as the number of UEs the NodeB can schedule in one TTI) can be reduced, and total number of HS-SCCH monitored by UE can be reduced and hence this will help UE’s power saving. 
· Assumptions:
· Assign the resource (codes for HS-PDSCH) for a UE from one cell as much as possible, and if the resource in one cell is enough for the UE then do not bother another cell. 
· NodeB is apt to transmit data to a UE from the cell with better channel quality, unless the resource in the better cell is not enough
· At most one UE takes up 2 pieces of resource which is illustrated in Figure 7: if two UEs take up 2 pieces of resource, by exchanging part 1 for one UE with part 2 with another UE, we can always assign resource from one cell for one of the UEs, see Figure 8. And consequently at most one UE takes up 2 pieces. If more than 2 UEs take 2 pieces of resource, we do exchanging again and again until at most one UE takes up 2 pieces. 
· Each piece resource assigned for a UE requires an HS-SCCH



[bookmark: _Ref352601018]Figure 7 illustration of why at most one UE takes up 2 pieces of resource

An example shows in Figure 8 with the following assumptions:
· NodeB schedules data for at most 4 UEs at the same TTI. 
· All the resources (codes) are distributed to 4 UEs.

There are 4 cases in total according to the assumptions above, for each case we can observe that two cells are divided into 5 pieces, 3 UEs gets one piece each while only 1 UE gets two pieces, and hence 5 HS-SCCHs at most are required for NodeB to indicate the 5 pieces of resource, which implies that for each UE monitoring 5 HS-SCCHs is enough.
Note that for independent controlling, UE need to monitor 4 HS-SCCHs in each cell and hence need to monitor 4*2=8 HS-SCCHs in total to support the same scheduling flexibility.


[bookmark: _Ref352593322]Figure 8 illustration of cross carrier scheduling

Generally, UE need monitor 2*K HS-SCCHs in the case of independent scheduling, while K+1 HS-SCCHs in the case of cross carrier scheduling, for supporting scheduling any K UEs at the TTI. 
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