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1 Introduction

In meeting RAN 4 62bis, papers [1-2] provided an initial view on the impact of HSDPA multiflow on BS and UE core requirements. This paper continues this discussion and analyzes possible impacts of the open issues in other working groups on the UE and BS RF requirements. 

RAN#53 [3] launched a Work Item to standardize Multiflow for HSDPA with the objectives of specifying intra and inter site HSDPA Multiflow Data Transmission technique.
The supported scenarios are discussed in RAN 2 and are reported for the sake of completeness in the following table [4]:
	Name
	Carrier Frequency A
	Carrier Frequency B

	One Frequency, two cells
	The serving HS-DSCH cell, 
the assisting serving HS-DSCH cell
	N/A

	Two frequencies, three cells
	The serving HS-DSCH cell, 
the assisting serving HS-DSCH cell
	A secondary serving HS-DSCH cell

	Two frequencies, three cells
	The serving HS-DSCH cell,
the assisting serving HS-DSCH cell
	An assisting secondary serving HS-DSCH cell

	Two frequencies, four cells
	The serving HS-DSCH cell, 
the assisting serving HS-DSCH cell
	A secondary serving HS-DSCH cell, 
an assisting secondary serving HS-DSCH cell

	… [FFS]
	
	


 Depending on its capabilities, a UE may be configured to operate in multiple radio frequencies as follows:

-
Certain UE type may be configured with up to four HS-DSCH transport channels operating in pairs on two carrier frequencies adjacent to each other.

-
Certain UE type may be configured with up to four HS-DSCH transport channels operating in pairs on two carrier frequencies on two different frequency bands.

-
Certain UE type may be configured with up to four HS-DSCH transport channels in pairs on two carrier frequencies on the same frequency band, but not adjacent to each other. 

Hence the possible scenarios can be visualized via Figure 1 where configuration 1 and 2 correspond to intra and inter SF-DC-HSDPA, in which only a single carrier is employed and a capable UE may be scheduled from possibly two sites; while configurations 3 and 4 correspond to intra and inter DF-4C-HSDPA, in which two carriers are employed and a capable UE may be scheduled on either or both of the carriers from either or both of the sites/sectors.

Additionally [4] mentions that the frequencies can be non adjacent. It should be noted that the specification of the non adjacent carrier aggregation is ongoing in RAN 4. However the discussion in the rest of the paper can be considered as generic and can be applicable to non contiguous multiflow carrier aggregation as well.


[image: image1]Figure 1. Configurations for multiflow transmission.

In section 2 we provide an overview of the multiflow concept [1], in Section 3 we provide a discussion on the implication of multiflow on the BS and UE RF requirements and in Section 4 we provide a list of open issues in other WGs and check whether these discussion may have an impact on the proposals done in Section 3. Finally Section 5 draws the conclusions and summarizes the proposals.

2 Overview of the Multiflow concept
Under multiflow transmission the UE may be scheduled from 2 cells in order to increase user throughput. Unlike dual carrier, the 2 cells do not cover the same geographical area; they may for example cover different sectors at the same site, different radio heads in an RRH deployment or even be scheduled from different sites.
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Similarly to dual carrier HSDPA, scheduling from the two cells is independent, and HS-SCCH relating to a cell is transmitted from the cell in question. Separate HARQ processes are maintained. Single or Dual carrier UL may be employed, but UL signaling feedback will take place on the primary carrier only, as with DC-HSDPA.
It was already mentioned in [1] that the gains arising from multiflow rely on the availability and efficiency of an interference aware, Type 3i receiver. Without an interference mitigating receiver, the additional intercell interference arising from dual transmission counteracts the gain in data rate, such that there is in the end zero net gain.

Hence, from a baseband perspective, multiflow can be considered as an application of the HSDPA advanced receiver to dual carrier operation, extending the use of the advanced receiver to multiple flows received from intra site or inter site NodeBs on the same or different frequencies.
The main differences between multiflow and multicarrier operation are listed in the following: 
· Time and frequency synchronization between the cells: for inter-site SF-DC-HSDPA and DF-4C-HSDPA it is in general difficult to provide time and frequency synchronization; a timing offset will be present but its value can not be guaranteed, see discussion in Section 3.1
· HS-DPCCH reception: The CQI and ACK/NACK relating to the secondary serving cell needs to be received by the secondary serving cell. This could imply HS-DPCCH reception under somewhat more adverse radio conditions than in Rel-10.
· HARQ RTT: Since the timing of the two cells is offset, if the current time budget for decoding and scheduling is maintained at the UE and Node B, then the availability time of ACK/NACK may differ between cells. The reduction in processing time is currently discussed in other working groups. The  allocation of a larger number of HARQ processes than the minimum is considered for MIMO cases for the time being in other working groups, see Section 4.
3 The impact of multiflow on the RAN4 core RF specifications
3.1 Node B RF specifications
Multiflow involves scheduling a UE from two cells. The transmission of HS-PDSCH in each of the cells is exactly the same as in the non multiflow case. The fact that a transmission is multiflow is transparent to all functionality below MAC. 

However, the frequency error and time alignment error between the nodes in an inter-node deployment, may have some impacts on the multiflow operation. 

3.1.1 Maximum Frequency Error

The maximum frequency error requirements in 25.104 is 0.05ppm for a wide area base station and 0.1ppm for medium and local area base stations. These requirements are applicable to the multiflow scenario as well and should not be modified. Moreover, it should be noted that these requirements on the maximum frequency error imply a worst case frequency difference of 0.1-0.2ppm from the two serving cells for inter-site multiflow. 0.2ppm at 2GHz corresponds to 400Hz absolute frequency error between the sites. This frequency error generates a path drift in the UE which is still considered as acceptable. Hence the proposal is as follows:

Proposal 1: The existing maximum frequency error requirements should be applicable to multiflow transmission. 

3.1.2 Time Alignment Error
The BS is allowed to have a time alignment error in case of dual carrier operations as defined in 25.104 and reported here: 
· For transmission of multiple cells, with or without MIMO or TX diversity, in the same frequency band, TAE shall not exceed ½ Tc.

· For transmission of multiple cells, with or without MIMO or TX diversity, in different frequency bands, TAE shall not exceed 5 Tc.
These requirements are intended for DC-HSDPA, DB-DC-HSDPA and 4C-HSDPA which are meant to be sent from the same NodeB when synchronization can be guaranteed.

When transmitted from different NodeBs, it is difficult, in general to provide time synchronization between the sites. The UE should acquire the timing independently for the different cells and should be able to handle the different timing without the need for TAE requirements between the different sites. Inter-site multiflow is of course the worst case scenario in terms of possible timing difference. 
In RAN 1 it was agreed that the UE always pairs the two HS-PDSCH TTIs that result in maximum overlap. Hence, the maximum time difference between the flows will be 1.5 slots.

Note also that multiflow can be considered similar to a SHO scenario for which no TAE requirements are defined. 

Hence the proposal is as follow:

Proposal 2: For inter and intra-site multiflow transmission do not introduce new TAE requirements. 

Finally no impacts are foreseen on BS RF requirements.
3.2 UE RF specifications

In order to be SF-DC-HSDPA multiflow capable, a UE needs to be capable of receiving simultaneously from two unsynchronized HSDPA cells on the same carrier. In order to be DF-DC-HSDPA or DF-4C-HSDPA multiflow capable, a UE needs to be capable of receiving simultaneously from two unsynchronized HSDPA cells on 2 separated carriers. 
In general we can divide the UE capability from the RF point of view and the baseband processing capability point of view.

RF capability

In [1] we showed that single receiver UE architecture can be used in general for decoding a single carrier signal as well as a multiflow single carrier signal (SF-DC-HSDPA) with no additional losses, filters or noise sources.

Dual receiver UE architecture can be used in general for decoding a dual carrier (or band) signal as well as a multiflow dual carrier signal with no additional losses, filters or noise sources. 

Hence a single carrier RF capable UE should be able of handling SF-DC-HSDPA operation and a DC-HSDPA RF capable UE should be able to receive DC-QC-HSDPA operation.
Baseband Capability
From the baseband perspective the UE should be capable of demodulating 2, 3 or 4 streams depending on the multiflow operation, hence a UE capable of handling DC-HSDPA from a baseband perspective should be able to support SF-DC-HSDPA and UE capable of handling 4C-HSDPA from a baseband perspective should be able to support both SF-DC-HSDPA and DF-4C-HSDPA. Additionally, as mentioned above, in order to limit the effect of inter-cell interference type 3i receiver should be enabled for all the branches.
The type 3i assumption has clearly implications on the demodulation performance. However, no new requirements are foreseen from an RF point of view, since the multiflow transmission does not introduce new RF capabilities. In fact, in general, it should be noted that the UE under multiflow operation does not receive any new type of signal and moreover does not receive higher intercell interference than that encountered in existing networks. Therefore if the existing tests (such as maximum input level) are sufficient to guarantee good performance in existing networks, then they should also be sufficient for multiflow operation.
The impact of multiflow on the individual RF requirements is examined below:
3.2.1 UE RX Requirements
3.2.1.1 Reference sensitivity

In principle, a multiflow reference sensitivity test could be defined in order to check the capability of the UE to demodulate the signals received in a multiflow transmission. However, the current requirements already test the capability of receiving the wanted signal at a certain signal to noise ratio. The difference would rise from the fact that in a multiflow scenario the noise component would not be modeled only as a Gaussian noise source only but there would be an additional colored interference component which models the inter cell interference. This would require a softening of the new multiflow REFSENS requirements in order to allow for the additional inter-cell interference compared to the single cell test. However, the UE still has to comply with the more stringent single cell requirements; hence the new multiflow test is seen as redundant.

Moreover the test would need to be based on a new reference receiver other than the legacy REFSENS test (type 3i receivers). 
Finally, we think that the capability of the UE to receive multi streams in a multiflow operation should be tested ONLY via demodulation requirements without the introduction of new REFSENS tests.    

Thus there seems to be no need to change or add to the existing RX sensitivity tests.

Proposal 3: no new REFSENS requirements are needed for the support of multiflow transmission.

3.2.1.2 Maximum input level
The maximum input level is related to the dynamic range in the UE receiver. 
Currently the requirement is defined to a certain maximum input power level (in the worst case the maximum input a single receiver UE should be able to handle is -22dBm/band). It could be argued that the UE ADC may be stressed when strong inter-cell interference is present. However, the presence of an interference does not change the capability of handing a strong input signal in the UE; it may require a change in the achievable throughput due to the presence of the inter cell interference.

However, by considering the same rationale as for REFSENS we propose to test the UE capability of receiving multiple streams in presence of inter-cell interference ONLY via demodulation performance. 
Proposal 4: No new maximum input requirements are needed for the support of multiflow transmission.
3.2.1.3 Adjacent channel selectivity, blocking, spurious response, intermodulation
For ACS the dominant effect is the leakage coming from the strong adjacent channel interferer, which may saturate the ADC. The presence of an in-band interference would reduce the power offset between the signal in the wanted carrier and the strong adjacent channel, and not more difficult to pass w.r.t. the legacy requirement. Hence a new multiflow related ACS test would be redundant (BLER requirements could be affected depending on the reference receiver).
The same conclusion and the same rationale can be applied for the blocking requirements and spurious response.

Proposal 5: No new ACS, blocking and spurious response requirements are needed for the support of multiflow transmission.
Intermodulation requirements relate to the impact of possible intermodulation products caused by the presence of two or more interfering signals which have a specific frequency relationship to the wanted signal, falling within the wanted carrier. Again, the intermodulation requirements are defined with no other forms of in band interference and the receive HS-PDSCH level set above reference sensitivity. Also in this case a new test could be defined to check the capability of the UE to receive and demodulate the wanted signal in presence of a secondary cell which creates inter-cell interference. In principle, the requirements could be relaxed. However, the UE has to in any case meet the existing requirements when operating without multiflow configured. Hence the introduction of new tests can be considered as redundant. The capability of rejecting interlodulation products is already tested via the legacy test.
Proposal 6: No new intermodulation requirements are needed for the support of multiflow transmission.

3.2.1.4 Receiver spurious emissions

Since a multiflow UE should not experience any different receiver conditions and must not transmit any type of differing UL signal than any other type of UE, there is no need to apply different or additional requirements relating to receiver spurious emissions.

Proposal 7: No new receiver spurious requirements are needed for the support of multiflow transmission.

3.2.2 UE Transmitter requirements

In Rel-11 the  range of (ACK, (NACK, and (CQI values were increased to consider 10 and 11, with a corresponding (hs/(c equal to  60/15 and 76/15 respectively as shown in the table below. 
	Signaled values for  ACK, ACK and CQI
	Quantized amplitude ratios  

Ahs =hs/c

	12
	76/15

	11
	60/15


It should be noted that these new amplitude ratios are independent of whether the UE is multiflow capable.

This has an impact on RAN4 requirements in particular on the power control step size and possibly on CM.

3.2.2.1 CM

The introduction of new (hs/(c  has surely impacts on the CM, however it does not change the maximum achieved CM and hence it does not require the introduction of extended MPR. The same CM formula can be re-used. Hence the proposal:

Proposal 8: Do not modify maximum MPR and CM formula.
3.2.2.2 Power control

Power control accuracy can be impacted as the step size when going from DPCCH to DPCCH-HS-DPCCH is larger than the current maximum step size in the specifications. 

The maximum TX power step because of the HS-DPCCH transmission depends on the possible hsc. 
The new HS-DPCCH amplitude ratio offset value of 60/15 and 76/15 require a step size of 12 and 14.2 dB respectively as explained in a companion document in [5].

In 25.101 currently section 6.5.5 table 6.9A defines the tolerance of the power step due to TX power changes because of transmission of the HS-DPCCH in up to 7dB.
To cover the power control steps caused by the new hsc  ratios, the range of the table must extend to at least 14.2dB. It should be noted that this table does  not even cover  hsc  values 9 and 10 which are introduced in earlier releases. This correction is covered in R4-122990, R4-122991 via appropriate CRSs.
It is proposed to extend the power step range to cover 14.2dB and to re-use the tolerances of  TX power step changes caused by a change in TFC as follows.

	Nominal power step size (Up or down) P [dB]
	Transmitter power step tolerance [dB]

	0
	+/- 0.5

	1
	+/- 0.5

	2
	+/- 1.0

	3
	+/- 1.5

	4 ( Δ P ( 10
	+/- 2.0 

	11 ( Δ P (15
	+/- 3.0


The proposal is as follow: 

Proposal 9: Extend the power step range in table 7.9A to cover 14.2dB and to re-use the tolerances of  TX power step changes caused by a change in TFC as mentioned in the table.
No new form of UL transmission is introduced for multiflow, and thus no impact to UE transmitter requirements specifically due to multiflow is envisaged.

Hence the proposal is as follow:

Proposal 10: Do not introduce specific TX core requirements due to multiflow.

4 Open issues in other working groups

· HARQ-ACK/NACK and CQI grouping for different configurations (such as SF-DC and DF-QC). This does not have any implication to UE and BS RF requirements.

· (De-)Activation of cells using HS-SCCH orders. Deactivating a cell may create some transients in L1 loops (ex AFC, AGC). However in general RF requirements are not defined in dynamic conditions with changing HS-SCCH orders and these issues are implementation dependent. Hence we think that the de activation of cells does not require new RF tests.

· Codebook design for MF-HSDPA with MIMO: This does not affect RF requirements.
· Possible need of configuring 7 HARQ processes. In the last RAN 1 meeting it was decided that 7 HARQ processes can be used in case of MIMO to avoid UE processing shortening (the UE may signal via RRC the need to have 7 HARQ processes). It was already agreed not to shorten the processing time in the base station. In case of non MIMO the UE shortening in processing time was considered acceptable by some companies. 


This may have implications on the setting for demodulation requirements and no implications on RF requirements.
· Features to be/not be supported with multiflow: the final decision on whether to couple multiflow with other features may have some implications on the demodulation tests and or it may have implications on whether to mention in specific section that the requirements are applicable also for a UE supporting multiflow.  No specific implication to UE and BS RF requirements.
· UE-centric solution:  It has been agreed to introduce a UE-centric solution based on a reordering timer. The details are still to be discussed in RAN 2: this does not have implications on RF requirements.
· Study details for the CQI reporting format: This does not have any implication to UE and BS RF requirements.
· Consider use of HS-SCCH orders to signal HS-DPCCH offsets: This does not have any implication to UE and BS RF requirements.
· Allowed configurations: non-adjacent, inter-band. Note that for the time being RAN 4 has not yet come to a conclusion on the definition of the core requirements for non adjacent carrier aggregation. However, the discussion mentioned above on the RF impact is generic and applicable also to non adjacent carrier aggregation. 
· Inter-site DRX. This has been agreed, the open item is whether it may be enabled/disabled via HS-SCCH orders: No implications on RF requirements
· eSCC : No implications on RF requirements
· HS-SCCH less operations. Agreed only for the primary serving cell: No implications on RF requirements.
· Compatibility with DC-HSUPA: Depending on the outcome of the discussion the UE supporting Multiflow+DC-HSUPA will need to satisfy the legacy RF requirements, the additional RF requirements for DC-HSDPA (in case of DF-QC-HSDPA) and the additional requirements for DC-HSUPA.   However this does not require the introduction of new specific RF tests. 
· HS-DPCCH ACK/NACK codebook design for SF-DC with MIMO: No implications on RF requirements
· UE categories. Depending on the definition of the categories RAN 4 will define appropriate demodulation requirements, see the discussion in RAN 2 [6].
5 Conclusion

The implications of introducing SF-DC-HSDPA and DF-4C-HSDPA on RF requirements have been considered, with the conclusion that there will not be any need for any new or revised RF requirements for Multiflow. Therefore we propose that RAN4 concludes the following:
Proposal 1: The existing maximum frequency error requirements should be applicable to multiflow transmission. 

Proposal 2: For inter and intra-site multiflow transmission do not introduce new TAE requirements. 

Proposal 3: no new REFSENS requirements are needed for the support of multiflow transmission.

Proposal 4: No new maximum input requirements are needed for the support of multiflow transmission.

Proposal 5: No new ACS and blocking requirements are needed for the support of multiflow transmission.

Proposal 6: No new intermodulation requirements are needed for the support of multiflow transmission.

Proposal 7: No new receiver spurious requirements are needed for the support of multiflow transmission.

Proposal 8: Do not modify maximum MPR and CM formula.
Proposal 9: Extend the power step range in table 7.9A to cover 14.2dB and to re-use the tolerances of TX power step changes caused by a change in TFC as follows.

Proposal 10: Do not introduce specific TX core requirements due to multiflow.
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