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1. Summary

This document looks at the UE complexity and consequential noise rise in the uplink when increasing the number of radio links the UE must receive from the down link EUL channels i.e. E-DCH active set.
For UE complexity we provide an analysis of the baseband complexity both in terms of physical resources and scheduling.  For the consequential noise in the UL we summarize the current discussions on noise rise (which although is within the RAN1 type of analysis) 
In order to ensure efficient use of both network and UE resources and ensure interoperability it is preferable that the requirements for both the UTRAN/Node B and UE are matched in terms of E-DCH active set size.  Based on our conclusions we present a CR [2] for an E-DCH active set size of 3 for both the UE and UTRAN/Node B
2. Introduction
In WCDMA the UE is connected to one or several cells in active mode. The cells to which the UE is connected to, is called the active set. The cells maybe sector of the same (softer handover) Node B or separate (soft handover) Node B.  

a) In REL99 the UE shall be capable of supporting at least 6 radio links in the active set. The value was derived based on work done in 3GPP TR942 [3]. The conclusion from this technical report on RF system scenario is shown below;
…… In all simulations there were less than 1% of the area in which there was equal number or more than 7 cells needed to the active set according to the SHO criteria. On the other hand assuming ideal HO measurements by UE and delay free HO procedure the gain of having more than 3 best cells in the active set is minimal. Thus, including extreme cases it can be concluded that UE does not have to support more than 4-6 as the maximum size of the active set.

b) In HSDPA REL5 the UE has to additionally support on one radio link only; a variable number of HS-PDSCH multi-codes (5, 10 or 15 codes depending on UE capability) and a maximum number of 4 HS-SCCH’s code channels.  
…… In this case compared to REL99 base band complexity is increased significantly due to  the number of low spreading factor(SF=16) HS-PDSCH code channels. However the UE baseband scheduling is minimized since the HS-PDSCH and HS-SCCH’s are only transmitted on one radio link 

c) In EUL REL6 the UE has to additionally support the following E-DCH code resources; E-AGCH + N* E-RGCH and N* E-HICH codes channel where N is the active set size for E-DCH.  

… This is a step increase in UE baseband complexity compared to REL5 mainly due to the physical resources and scheduling complexity due to number of E-DCH radio links in the downlink
3.  UE E-DCH active set size dimemsion
It should be pointed out that all the work in RAN1, and in particular the system simulations to support the EUL work item, has been based on a maximum E-DCH active set size of 3 or less. In this case we are not aware of any significant system benefits identified in RAN1 to specify an E-DCH active size > 3
An E-DCH active set size greater than 3 will require the UE to support the following additional code resources as show in Table 1 for using a 5 code HSDPA UE as a reference 
	Active set size
	
	OVSF code resources

	DCH
	E-DCH
	
	REL99
	 REL5
	 REL6
	Total

	
	
	
	DPCH
	HS-PDSCH +

HS-SCCH
	E-AGCH
	E-RGCH
	E-HICH
	Max  OVSF

resources 

	6


	3
	
	6
	5 + 4
	1


	3
	3
	22

	
	4
	
	
	5 + 4
	
	4
	4
	24

	
	5
	
	
	5 + 4
	
	5
	5
	26

	
	6
	
	
	5 + 4
	
	6
	6
	28


Table 1: UE baseband complexity based on 5 code HSDPA UE
4
UE Impact to baseband physical resources 
The downlink E-DCH channels have a high spreading factor (SF=128) and so the expected transport channel processing is expected to be small, resulting in a minimal addition to the number of operations required per second.  However, the E-DCH physical channels will still require a substantial amount of physical resources,  For these channels, additional despreading and combining is required.  

An E-DCH active set size of 6 will require a UE implementation with 12 additional combiners (6 each for the E-RGCH and E-HICH).  This combiner physical resource begins to exceed that of a 10 code HSDPA implementation. In this case a 10 code HSDPA UE baseline will be even worse. 
5
UE IMPACT TO BASEBAND SCHEDULING COMPLEXITY
In the downlink, the UE must establish a reference time base, and offsets from this time base which must be scheduled appropriately due to DPCH soft handover.  In the current HSDPA system, three distinct physical channel offsets can be defined:  DPCH, HS-SCCH, and HS-DSCH, where the latter two are linked by an offset of one slot.  
An E-DCH active set size of more than 3 will increase the scheduling complexity significantly, as it requires the handset to schedule 6 additional offsets (E-HICH and E-RGCH pairs from up to 6 radio links, each of which must be within a 3 slot window).  
Motorola believes that the management of these scheduling offsets is not linear in complexity (i.e., twice as many offsets increases the complexity by more than a factor of 2). 
6
ul noise rise

As mentioned before, the consequential noise in the UL is part of the RAN1 type of analysis, and not part of the RAN4 scope in determining the E-DCH active set size. This aspect is indicated in the draft report RAN4AH report on MBMS & E-DCH which is captured below
… The most contentious point is the noise rise in the uplink, where simulations are needed. This falls within WG1 type of analysis, but this group has only looked at 3 cells for EDCH, and was noted that simulations and results may or may not be easily adapted for more cells.

In RAN1 [4] results have been presented to show comparative performance of dedicated mode with and without the relative grants from the non serving cell (E-RIGCH) with different scheduling modes {w/o nsRG(1), w/o nsRG(2), w/o nsRG(3)}.  The key point from this document is captured in Table 2 below
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Table 2 System & User Performance with and without non serving RG for Full Buffer (PB3)

The key points are; the need of the relative grant channel E-AGCH (which is a RAN1 issue) and the noise (rise statistics).The noise rise shows little or no difference in the UL noise with and without E-RIGCH even for an E-DCH active set size of 3. Therefore increasing the number of the active set should not increase the noise rise and at best would only reduce this value by < 0.0x dB. It should also be noted the current accuracy of noise rise in TS 25.133 for Node B RTWP is in the range of 0.5 dB (relative) and 4.0 dB (absolute).
It should be noted we are not limiting the DCH active set size below 6 in the case of E-DCH i.e. all the active set cells are still determining the UE DPCCH power level via power control commands (TPCs) on all the DL DCH.  The non-serving (non-scheduling) cell can always send power up (TPC) commands to increase the DPCCH power level which would shrink the power margin and hence reduce the UE's maximum HSUPA data rate.
7
utran / node B E-DCH active set dimensioning
In order to ensure efficient use of both network and UE resources it is preferable that the requirements for both the UTRAN/Node B and UE are matched in terms of E-DCH active set size.  In other words it does not makes sense if the E-DCH active set is specified for the UE but the UTRAN/Node B is left to vendor implementation. In [5] it was indicated the Node B would have to implement the receiver hardware resources in proportion to the E-DCH transmission rate and E-DCH active set size.
Also in TS 25.309 it states:
-For each UE, the non-serving Node-B operation is as follows:

-
If the Node-B could not decode the E-DPCCH/E-DPDCH for the last n1 TTIs (where n1 is TBD) because of processing issue, it shall notify the SRNC;

-
The non-serving Node-B is allowed to send a “DOWN” command only for RoT reasons (maximum allocated uplink RoT in the cell is exceeded) and not because of lack of internal processing resources.
The above requirement is based on best effort mobility SHO procedures, therefore to force UE to permanently include in its architecture radio resources to receive H-ARQ feedback and Relative Grants for all members in the active set is inconsistent with this part of the specification above. 
So at present it is not clear what will be minimum support provided by the UTRAN/Node B as this has an impact on overall E-DCH performance and required UE implementation. It is therefore proposed that the requirement in TS25.133 which covers both UE and UTRA/Node B RRM performance requirement should define the same E-DCH active set requirement. 
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summary & cONCLUSION
In section 2 we indicate the UE 

· In REL99 the UE is capable of supporting at least 6 radio links in the active set although as indicated in  [1] the gain of having more than 4 best cells in the active set is minimal
· In REL5 HSDPA the UE has to support the HSPDA OVSF codes on only one radio link,

· In REL6 E-DCH the UE has to support E-AGCH on one radio link, however it proposed the number of radio links should be increased to 6 for the E-RGCH/E-HICH. 

In section 3 we indicate all work in RAN1 in particular the system simulation to support E-DCH has a maximum E-DCH active set size of 3 or less for both the Node B and UE. 

In section 4 and section 5 we show the impact to UE baseband physical resources and processing in terms of scheduling complexity. We  also indicate the increase in complexity is not a linear function of the active set size and start to increase significantly when this is larger than 3. 
In section 6 we show the impact of noise rise as a function of the relative grant channel E-RGCH. In this case we show based on our contributions to RAN1 this does not impact the UL noise rise

Finally in section 7 we propose in order to efficient use of both Network and UE physical resources the same E-DCH active set size should be specified for both the UE and the UTRAN/Node B 

Based on our conclusions, in terms physical resources, complexity and consequential UL noise rise we present a CR [2] for an E-DCH active set size of 3 for the UE and UTRAN/ Node B 

9 cr proposal for TS25.133
5.1.2
Requirements

5.1.2.1
Active set dimension

The UE shall be capable of supporting at least 6 radio links in the active set. The UE and UTRAN/Node B shall be capable of supporting 1 Serving E-DCH radio link and 2 Non-serving E-DCH radio links
As described in TS 25.211, the UE may be informed by UTRAN that for one or more links in the active set neither S‑CPICH nor P-CPICH is available as phase reference and the UE shall thus use the Dedicated Pilot as phase reference. The UE shall then support at least 6 radio links in the active set, out of which up to 4 radio links are such that the Dedicated Pilot shall be used as a phase reference
5.1.2.2
Active set update delay


--------------------------
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