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1
Introduction

The CS service has been an intrinsic part of the UTRA system that starting from R99 has been offering a reliable way of speech communication. Over the time it has been enhanced with additional features such WB-AMR and DCH enhancements; furthermore there are ongoing activities to introduce a new EVS codec to the UTRA system. As of now, the CS service continues to play a crucial role in UTRA offering speech service not only to the UTRA terminals, but also to the LTE system in the CS-fallback mode. At the same time, the UTRA system also provides a high-speed access to the packet service that also has been improved with various features, among which DL/UL multi-carrier enhancements provide the highest gains. Both DL and UL multi-carrier enhancements are getting commercially deployed becoming the baseline for the high-speed packet access. 

The UTRA specification allows for simultaneous establishment of CS and PS RAB effectively enabling ongoing CS call during the packet data session. When the DL multi-carrier enhancements were introduced, they were specified in such a way that they can be combined with the CS call (with a limitation that it is limited only to the primary carrier). On the contrary to it, the UL multi-carrier feature cannot be combined with the CS call requiring the network to disable them whenever the CS call is established.

In this discussion paper we elaborate further on a simultaneous usage of DL/UL multi-carrier features with the CS service and as a way forward suggest to remove current limitations in the specification that do not allow to configure simultaneously UL multi-carrier and CS.

2
Dual carrier HSUPA and CS

2.1
General motivation

As mentioned in the Introduction part, multi-carrier features have been becoming a baseline for the UTRA terminals that contain not only DL but also UL enhancements. Recently, the DC-HSUPA feature has been commercially launched in a few big operator networks showing UL peak rates of 11.2 Mbps. It is worth noting that DL and UL multi-carrier enhancements are not only about achieving peak rates but also about having better load balancing and more efficient channel usage. Furthermore, there is an ongoing Rel-13 WI that aims at introducing UL dual-band multi-carrier support that will complement the corresponding DL functionality opening even further opportunities for the multi-carrier evolution in the UMTS system. Thus, it seems more than natural that establishment of the CS RAB should not impact negatively multi-carrier benefits. However, while it is possible to combine CS with the DL multi-carrier operation, it is not allowed for the UL multi-carrier. As a result, every time a UE receives a request or triggers establishment of the CS call, the network resorts to reconfiguring the UE into the single-carrier UL operation, impacting both Rel-9 DC-HSUPA feature and being standardized Rel-13 dual-band UL. 

One of the reasons why combination of DC-HSUPA and CS was prohibited back in Rel-9 is a desire to reach the maximum peak rate, for which all the codes on both UL carriers are allocated for E-DCH. Obviously, allowing combination of DC-HSUPA and CS will limit the maximum achievable rate on E-DCH, but still it will be noticeably higher when compared to current single carrier operation. The matter is that it is only the first UL carrier (which linked with the serving HS-DSCH cell) that will share codes with the CS service, while the second UL carrier will still have full set of codes available for E-DCH. 

2.2
Implementation details and expected performance

In the single-carrier UL operation without CS, the E-DPDCH channel can use “2xSF2 + 2xSF4” code configuration that yields 5.76Mbps with QPSK. Once CS is configured with the single-carrier UL, the E-DPDCH channel code configuration is limited to “2xSF2” that results in the maximum achievable rate of 3.84Mbps with QPSK. Following the same principle, combination of DC-HSUPA and CS can be implemented by re-using existing code configurations. In other words, the secondary UL carrier will use full “2xSF2 + 2xSF4” code configuration, while the first UL carrier will use “2xSF2” (as if it were in the single carrier mode). This is summarized in Table 1 below. The total achievable peak rate is expected to be around 9.6Mbps with QPSK i.e. 5.76Mbps from the secondary UL carrier and 3.84Mbps from the first UL carrier that has both E-DPDCH and DPDCH channels.
Table 1: Proposed code configuration for combination of DC-HSUPA with CS

	Carrier
	PS (dual UL)
	PS+CS (single UL)
	PS+CS (dual UL)

	Primary
	2xSF2 + 2xSF4
	2xSF2
	2xSF2

	Secondary
	2xSF2 + 2xSF4
	-
	2xSF2 + 2xSF4

	Peak rate with QPSK (Mbps)
	11.52
	3.84
	9.6

	Peak rate with 16QAM (Mbps)
	23
	3.84*
	15.36


* NOTE: UL 16QAM requires full code configuration, so once CS is configured only UL QPSK is allowed.
As of Rel-9, DC-HSUPA can be also configured with UL 16QAM, if the corresponding E-DCH category supported by a UE. A single UL carrier with 16QAM can have peak rate of 11.52Mbps, resulting in the total peak rate of around 23 Mbps with DC-HSUPA. However, it should be noted that UL 16QAM on a particular carrier is feasible only with full code configuration “2xSF2 + 2xSF4”. In other words, once CS is configured there is no option but to use QPSK with “2xSF2”; but the second carrier still can use full UL 16QAM. Then, the total achievable peak rate can be around 15.36Mbps i.e. 3.84Mbps on the primary carrier (with QPSK) and 11.52Mbps on the secondary one (with 16QAM).  

2.3
Specification impact analysis

In this section we present an overview of the specification impact together with analysis of which changes should be done in each specification.

1. RAN1 WG
· TS 25.213. In sub-clause 4.2.1, Table 0 specifies the maximum number of simultaneously-configured uplink dedicated channels. It should be updated with a new case that would allow to combine E-DPDCH and DPDCH channels on a single carrier in case of DC-HSUPA. 

2. RAN2 WG
· TS 25.319. Section 19 should mention that a combination of DC-HSUPA and DCH is feasible, if supported by a UE.
· TS 25.302. In sub-clause 8.2, there several tables listing possible combinations of DL and UL channels, Table 2-1 and Table 2-3. As of now, there is no physical channel combination for DC-HSUPA with the DPDCH channel, so it should be introduced. 
· TS 25.306 and TS 25.331. UE capability definition and signalling for the proposed DC-HSUPA and CS combination. Other than that, no further functional impact is anticipated for TS 25.331.

3. RAN3 WG. At the moment, no impact is identified except a potential Node B capability.

4. RAN4 WG.
· TS 25.101. In sub-clause 6.2.2A the DPDCH channel should be added to the table. 
· TS 25.133. In sub-clause 6.4.2 available power calculations have to account also for DPDCH. 

3
Conclusion

In this discussion paper we have presented our general considerations regarding the simultaneous usage of the DL/UL multi-carrier features with the CS services. Since current specification does not allow to configure DC-HSUPA and CS at the same time, it makes it impossible to reach full potential of UEs in the multi-carrier network deployments resulting in low achievable peak rates. According to the preliminary implementation feasibility and specification analysis, combination of DC-HSUPA and CS can be accomplished by re-using existing code configurations that are already used for the single-carrier UL mode. 
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19
Dual Cell E-DCH operation (FDD only)

For FDD and in CELL_DCH state, certain categories of UEs may be configured into Dual Cell E-DCH operation. In Dual Cell E-DCH operation, a UE is configured in either Dual Cell HSDPA operation on a single frequency band, or in Four Carrier HSDPA operation or Eight Carrier HSDPA operation or Multiflow data transmission on two adjacent carrier frequencies as described in [16]. Therefore, a UE is configured with at least the two downlink frequencies corresponding to the two uplink configured frequencies.

Dual Cell E-DCH operation is characterized by the following properties:
*********** content is partially omitted **********
-
MAC architecture:

-
Only MAC-i/is entity is supported,

-
in the UE side, the MAC-i/is has a multiplexing entity and TSN setting entity common to both E-DCH transport channels; however, there is a HARQ entity per E-DCH transport channel (see Figure 7.2.6-1);

-
in the UTRAN side, the MAC-i has a HARQ entity and a de-multiplexing entity per E-DCH transport channel. The de-multiplexing entity demultiplexes MAC-i PDUs and forwards the received MAC-is PDUs to the associated MAC-d flows (see Figure 7.3.8-1). The Reordering Queue Distribution entity in the MAC-is receives all the MAC-d flows from all the Node-Bs (see Figure 7.3.7-1a),

-
each HARQ entity is composed of multiple HARQ processes,

-
for uplink transmissions, the length of the TSN field in the MAC-is header is 14 bits,
-
DCH is not supported,
-
upon deactivation of the Secondary Uplink Frequency, the HARQ buffers corresponding to the Secondary Uplink Frequency are flushed,
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4.2.1
Dedicated physical channels

The possible combinations of the maximum number of respective dedicated physical channels which may be configured simultaneously for a UE in addition to the DPCCH are specified in table 0. The actual UE capability may be lower than the values specified in table 0; the actual dedicated physical channel configuration is indicated by higher layer signalling. The actual number of configured DPDCHs, denoted Nmax‑dpdch, is equal to the largest number of DPDCHs from all the TFCs in the TFCS. Nmax‑dpdch is not changed by frame-by-frame TFCI change or temporary TFC restrictions.
Table 0: Maximum number of simultaneously-configured uplink dedicated channels
	
	DPDCH
	HS-DPCCH
	E-DPDCH
	E-DPCCH
	S-E-DPDCH
	S-E-DPCCH

	Case 1
	6
	1
	-
	-
	-
	-

	Case 2
	1
	1
	2
	1
	-
	-

	Case 3
	-
	1 on the primary uplink frequency, 0 on any secondary uplink frequency
	4 per uplink frequency
	1 per uplink frequency
	-
	-

	Case 4
	1
	2
	2
	1
	-
	-

	Case 5


	-
	2 on the primary uplink frequency, 0 on any secondary uplink frequency
	4 per uplink frequency
	1 per uplink frequency
	-
	-

	Case 6
	-
	2
	4
	1
	4
	1

	Case X

	1
	1 on the primary uplink frequency, 0 on any secondary uplink frequency
	2 on the primary frequency

4 on the secondary  frequency
	1 per uplink frequency
	-
	-
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8.2
FDD Downlink

The table 2-1 describes the possible combinations of FDD physical channels that can be supported in the downlink on the same frequency by one UE simultaneously.
*********** content is partially omitted **********
The table 2-3 describes the possible combinations of FDD physical channels that can be supported on two configured downlink and uplink frequencies by one UE simultaneously.

Table 2-3: FDD Downlink and Uplink

	Physical Channel Combination
	Downlink  frequency
	 Uplink  frequency 

	
	Primary 
	Secondary

(1st)
	Primary 
	Secondary

	D1
	22
	22
	8
	9

	D2
	23
	22
	8
	9

	D3
	22
	29
	8
	N/A

	D4
	23
	29
	8
	N/A

	D5
	18
	22
	7
	9

	D6
	19
	22
	7
	9

	D7
	18
	29
	7
	N/A

	D8
	19
	29
	7
	N/A


Appendix D: TS 25.101 pseudo CR
6.2.2A
UE maximum output, power for DC-HSUPA
The Maximum Power Reduction (MPR) for the nominal maximum output power defined in 6.2.1 is specified for the values of c, hs, ec and ed defined in [8] fully or partially transmitted during a DPCCH timeslot, and defined through calculation of the Raw Cubic Metric (Raw CM) which is based on the UE transmit channel configuration and is given by


Raw CM = 20 * log10 ((v_norm 3) rms) - 20 * log10 ((v_norm_ref 3) rms)
where 

-
v_norm is the normalized voltage waveform of the input signal

-
v_norm_ref is the normalized voltage waveform of the reference signal (12.2 kbps AMR Speech) and
-
20 * log10 ((v_norm_ref 3) rms) = 1.52 dB
For any DC-HSUPA signal not employing 16QAM modulation on any of the carriers, the MPR is specified in Table 6.1AA.

Table 6.1AA: UE maximum output power for DC-HSUPA signals not employing 16QAM modulation on any of the carriers
	UE transmit channel configuration 
	CM (dB)
	MPR (dB)

	When DPCCH2 is not configured:

For all combinations of; DPDCH, DPCCH, HS-DPCCH, E-DPDCH and E-DPCCH
	0.22  CM  3.72
	MAX (CM-0.72, 0)

	When DPCCH2 is configured:

For all combinations of; DPDCH, DPCCH, HS-DPCCH, E-DPDCH,  E-DPCCH and DPCCH2
	0.22  CM  3.72
	MAX (CM-0.72, 0)


where Cubic Metric (CM) is based on the Raw CM and is given by


CM = CEIL { Raw CM / k, 0.22 }

where

-
CEIL { x, 0.22 } means rounding upwards to closest 0.22dB with 0.5 dB granularity, i.e. CM = [0.22, 0.72, 1.22, 1.72, 2.22, 2.72, 3.22, 3.72]

-
k is 1.66

For any DC-HSUPA signal employing 16QAM modulation on any of the carriers, the MPR is specified in Table 6.1AB.. 
Table 6.1AB: UE maximum output power for DC-HSUPA signals employing 16QAM modulation on any of the carriers
	UE transmit channel configuration 
	CM (dB)
	MPR (dB)

	When DPCCH2 is not configured:

For all combinations of; DPDCH, DPCCH, HS-DPCCH, E-DPDCH and E-DPCCH
	[0.22  CM  3.72]
	[CM+0.8]

	When DPCCH2 is configured:

For all combinations of; DPDCH, DPCCH, HS-DPCCH, E-DPDCH and E-DPCCH and DPCCH2
	[0.22  CM  3.72]
	[CM+0.8]


where Cubic Metric (CM) is based on the Raw CM and is given by


[CM = CEIL { Raw CM / k, 0.2 }]

where

-
CEIL { x, 0.2 } means rounding upwards to closest 0.2dB with 0.5 dB granularity, i.e. CM = [0.2, 0.7, 1.2, 1.7, 2.2, 2.7, 3.2, 3.7]

-
k is 1.66. 

The reference measurement channels for the requirements in subclause 6.2.2A are provided in subclause A.2.8.
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6.4.2
Requirements
The UE shall continuously evaluate based on the Elimination, Recovery and Blocking criteria defined below, how TFCs on an uplink DPDCH can be used for the purpose of TFC selection. The evaluation shall be performed for every TFC in the TFCS using the estimated UE transmit power.
*********** content is partially omitted **********
When the UE has more than one Activated Uplink Frequency, the UE shall estimate the remaining power which is available to be allocated to scheduled E-DCH transmissions on all Activated Uplink Frequencies. The total available power for scheduled E-DCH transmissions is defined by:

Premaining,s=max(PMax  - i PDPCCH,target,i  - PDPDCH - PHS-DPCCH - Pnon-SG, 0)

where

PMax represents the Maximum UE Transmitter power, as defined in Section 6.5.

-
PDPCCH,i(t) represents a slotwise estimate of the current UE DPCCH power for carrier with index i (i=0,1) at time t.  If at time t, the UE is transmitting a compressed mode frame then PDPCCH,comp,i(t) = PDPCCH,i(t) × (Npilot,C/ Npilot,N) else PDPCCH,comp,i(t) = PDPCCH,i(t). If the UE is not transmitting uplink DPCCH on the Activated Uplink Frequency i during the slot at time t, either due to compressed mode gaps or when discontinuous uplink DPCCH transmission operation is enabled then the power shall not contribute to the filtered result.  Samples of PDPCCH,comp,i(t) shall be filtered using a filter period of 3 slotwise estimates of PDPCCH,comp,i(t).  The accuracy of the PDPCCH,i estimate shall be at least that specified in table 6.0A


If the target E-DCH TTI for which RPM is being evaluated does not correspond to a compressed mode frame then PDPCCH,target,i = PDPCCH,filtered,i.


If the target E-DCH TTI for which RPM is being evaluated corresponds to a compressed mode frame then PDPCCH,target,i = PDPCCH,filtered,i× (Npilot,N/ Npilot,C). Npilot,N and Npilot,C are numbers of pilot symbols as defined in [18].

-
PDPDCH represents estimated DPDCH transmit power on Primary Activated Frequency, based on PDPCCH,target and the gain factors from the TFC selection that has already been made. If the target E-DCH TTI for which NRPMj is being evaluated corresponds to a compressed mode frame then the modification to the gain factors which occur due to compressed mode shall be included in the estimate of PDPDCH.

-
PHS-DPCCH represents the estimated HS-DPCCH transmit power and shall be calculated based on the estimated Primary Activated Frequency DPCCH power, and the greatest HS-DPCCH gain factor. If two HS-DPCCHs are transmitted, PHS-DPCCH is the maximum combined estimated transmit power from both HS-DPCCHs. Rules for calculating the HS-DPCCH gain factors from the most recent signalled ACK, NACK and CQI  according to the specific multicarrier and MIMO configuration and activation status of the secondary HS-DSCH serving cells are defined in subclause 5.1.2.5A in [18].

-
Pnon-SG represents the power pre-allocated for non-scheduled transmissions for Primary Uplink Frequency, as defined by [19]. An estimate of the E-DPCCH power required for non-scheduled transmissions may be included in Pnon-SG .

When the UE has more than one Activated Uplink Frequency and no retransmission is required, or when the UE has more than one Activated Uplink Frequency and two retransmissions are required, the UE shall estimate the normalised remaining power margin available for E-TFC selection using the power allocated to the Primary Uplink Frequency Pallocated,1  and the power allocated to the Secondary Uplink Frequency Pallocated,2 defined by:

Pallocated,1 = P1 +Pnon-SG,
Pallocated,2 = P2
where

Pi  represents the maximum remaining allowed power for scheduled transmissions for the Activated Uplink Frequency i = 1,2, where index 1 and index 2 correspond to the index of the Primary Uplink Frequency and the index of the Secondary Uplink Frequency as defined by [19]

When the UE has more than one Activated Uplink Frequency and one retransmission is required in one Activated Uplink Frequency, the UE shall estimate the normalised remaining power margin available for E-TFC selection using the power allocated to the Activated Uplink Frequency for which a retransmission is required Pallocated,x and on the power allocated to the Activated Uplink Frequency for which no retransmission is required Pallocated,y defined by:

Pallocated,y= PMax - PHS-DPCCH - PDPDCH - i PDPCCH,target,i  -  PE-DPCCH,x – PE-DPDCH,x
Pallocated,x= PE-DPCCH,x + PE-DPDCH,x
where 

PE-DPDCH,x represents the estimated E-DPDCH transmit power for the Uplink Frequency for which a retransmission is required. The estimate is based on PDPCCH,target,x where x is denoting the index of the Activated Uplink Frequency on which a retransmission required and the E-DPDCH gain factor which will be used for the retransmission.

PE-DPCCH,x represents the estimated E-DPCCH transmit power for the Uplink Frequency for which a retransmission is required. The estimate is based on PDPCCH,target,x where x is denoting the index of the Activated Uplink Frequency on which a retransmission is required and the E-DPCCH gain factor which will be used for the retransmission.

When the UE has more than one Activated Uplink Frequency, the UE shall estimate the normalised remaining power margin available for E-TFC selection for the Activated Uplink Frequency i based on the following equation for E-TFC candidate j:



NRPM i,j = (Pallocated, i – PE-DPCCHi,i) / PDPCCH,,target,i
where 

PE-DPCCH,j,i represents the estimated E-DPCCH transmit power for E-TFCIj on the Activated Uplink Frequency i. If E-TFCIj is smaller than or equal to E-TFCIec,boost  the estimate is based on PDPCCH,target,i and the E-DPCCH gain factor calculated using the most recent signalled value of E-DPCCH. If E-TFCIj is greater than E-TFCIec,boost  the estimate is based on the E-DPCCH gain factor,ec,j, which is calculated for E-TFCIj using the procedure in [18]. If the target E-DCH TTI for which NRPMj,i is being evaluated corresponds to a compressed mode frame then the modification to the gain factors which occur due to compressed mode shall be included in the estimation.
