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1
Introduction

A new study item “DCH Enhancements for UMTS” was approved in TSG-RAN#58 [1]. This contribution provides a text proposal on code-space and UE power efficient SRB design based on [10] to the Technical Report [2].

2
Text Proposal
[------------------------------------------------------------- TEXT START --------------------------------------------------------------]

5
DCH Enhancements

5.1
Uplink Physical Layer Enhancements
5.2
Downlink Physical Layer Enhancements
5.2.x
Code-space and UE power efficient SRB design
One of the motivating factors for the proposals on enhancements to legacy R99 DCH design is the introduction of power savings at the UE, made possible by techniques of FET and user pairing. For user pairing, two users will be time-multiplexed onto the same code resources, shortening transmission intervals to individual users. Another quoted benefit inherent to DCH and available to enhanced R99 is its robustness in HO situations, and hence its importance to the transmission of signalling radio bearers (SRBs). 

However, in the current proposal of enhanced R99 [3], FET is not applicable when SRBs are also multiplexed into the data transmissions, as explained later in this document. A somewhat different angle on bringing enhanced R99 power savings to SRB transmissions is taken in [5] where a proposal was made for investigating SRB-only DCH. Another overview of the options to transmit SRBs efficiently especially for voice services is provided in [9].

Consequently we propose to introduce an SRB design that is power efficient, inherits DCH robustness, and is applicable and beneficial to both enhanced R99 channels and HSDPA.

5.2.x.1
Shared DCH for SRB
Long lasting battery life is an important aspect in user experience, and in turn designs that enable power savings at the UE are very sought after.

Classic DCH design involves continuous transmission by the cell to the UE, whereas in time-multiplexed schemes the UE is required to listen only at defined instances, and hence can switch of receiver circuitry otherwise.

For the enhanced R99 proposal the user-pairing time-multiplexed design of voice data transmissions presented in [3] has been motivated by the possibility to allow switching off the UE every other TTI.

In a straightforward extension of this approach we propose to time-multiplex different users’ SRB transmissions onto one code resource shared by these users. Then infrequent SRB data can be statistically multiplexed, allowing for higher burst rates and UE DRX savings without affecting code space availability.

This newly designed DCH for SRB, shared by a number of users, would be applicable to any UMTS system and service and not limited to voice service alone. It could be applied to enhanced R99 proposals, as well as any traffic delivered utilizing HSPA radio.
5.2.x.1.1
SRB on DCH design as used since Rel’99

In UMTS, SRBs carried over DCH are taking a format described in section 6.10.2.4.1.2.2.1.1 of [4]: SRB data is carried over the DCCH, which is multiplexed with the DTCH in the DPCH. The format of the multiplexing is illustrated in the figure below.
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Figure 1: DL DPCH construction for 12.2kbps speech [(adapted from Fig. A.5, [6])
For SRB transmissions on DCH, the existing RLC/MAC structures always provide 148-bit transport blocks (see Figure 1, right side) for L1 processing. After channel coding the transport block’s 516 bits are fed to rate matching. The slot format design for the radio frames in the example is specified as shown in Table 1.
Table 1 Physical channel parameters [4], section 6.10.2.4.1.4.2.2]

	DPCH Downlink
	DTX position
	Fixed

	
	Spreading factor
	128

	
	DPCCH
	Number of TFCI bits/slot
	0

	
	
	Number of TPC bits/slot
	2

	
	
	Number of Pilot bits/slot
	4

	
	DPDCH
	Number of data bits/slot
	34

	
	
	Number of data bits/frame
	510


That is, every slot carries a certain amount DPDCH data, all slots being the same.

5.2.x.1.2
Shared DCH design

We propose to introduce a shared DCH channel, where radio frames are composed of two possible slot formats: The first carries a UE identifier and data while all other slots carry only data. A UE ID in the first slot allows UEs which are not addressed to DRX for the rest of the frame. Power control information can be carried either in F-DPCH channels, or in enhanced R99 channels. TFCI information may not be necessary as there is only one valid TB size for the SRB.
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Figure 2: new proposed shared DCH: slot format for the first slot of the radio frame
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Figure 3: new proposed shared DCH: slot format for all other slots of the radio frame
As an example one may consider a UE which is configured in the downlink direction with voice user data mapped to HSDPA, and with SRBs mapped to the shared DCH described above. The shared DCH slot formats allow carrying more data than the presently defined formats for DCH carrying SRB and voice. This means that SRB can be delivered much faster, thus significantly improving latency (traditional SRB over DCH data rate is 3.4 kbps and the TTI is 40 ms, i.e. a transport block is split over 4 radio frames, the transmission can start once per 40 ms and the transmission duration is 40 ms, see Figure 1). In addition, the RNC can allocate more time on the S-DCH for users with high signalling need (during mobility procedures, for example), if needed, such that longer SRB payloads can be delivered in a timely manner. 

Table 2 shows examples for the potential spreading factor and TTI length combinations that can be used for radio frames. The 148-bit transport block after encoding and rate matching could be fitted to less than 200 bits, but it may be desirable to use at least close to 400 bits to ensure good coding protection. The most attractive combinations would use 10 ms TTI for best latency and thus the most attractive combinations are SF128 and SF256 with 10 ms TTI, but the SF256 suffers from reduced coding protection. 

Table 2: Overview of potential DL DPCH spreading factor and TTI length combinations
	SF
	TTI
	L1 bits/TTI
	Comment

	128
	10 ms
	600
	All encoded bits can be sent

	128
	20 ms
	1200
	Unnecessarily large

	256
	10 ms
	300
	Reduced coding protection

	256
	20 ms
	600
	All encoded bits can be sent

	512
	10 ms
	150
	TB does not fit

	512
	20 ms
	300
	Reduced coding protection

	512
	40 ms
	600
	All encoded bits can be sent


An example of the slot formats for SF128 is shown in Table 3 below. 
Table 3: DL DPCH slot format
	Slot Format #i
	Channel Bit Rate (kbps)
	Channel Symbol Rate (ksps)
	SF
	Bits/ Slot
	DPDCH Bits/Slot
	DPCCH

Bits/Slot
	Transmitted slots per radio frame

NTr

	
	
	
	
	
	Ndata
	NUE_ID
	NTFCI
Ndata
	

	25
	60
	30
	128
	40
	28
	12
	0
	15

	26
	60
	30
	128
	40
	40
	0
	0
	15


5.2.x.1.3
Shared DCH for HSPA with CPC
In Rel 7 discontinuous reception and transmission (DRX and DTX) was introduced as part of the CPC package. The benefits as reported in [7] lie in the reduced UE battery consumption and larger system capacity. DRX/DTX and circuit switched always-on DCH are mutually exclusive.  The shared DCH however can be easily combined with DRX and DTX. 

We recall that as laid out in [8], section 6C, in DRX the UE needs to monitor only every n-th subframe the HS-SCCH and a few other channels in order to detect new transmissions and keep track of the active set, see section 6C.3 in the same document. The DRX duty cycle is configured by the RNC, even though the nodeB may de-activate DRX usage by means of HS-SCCH orders. 

For transmitting the SRBs on S-DCH while DRX is enabled we note that the RNC is already aware of the DRX duty cycles and simply needs to address the UE only when it is listening. Likewise, the UE also needs to decode the S-DCH when awake.

5.2.x.1.3
Shared DCH for enhanced R99
For the proposed enhanced R99 design as show in Figure 4, DPDCH FET cannot be carried out if SRB data is present. The reason is that DTCH and DCCH (which carries the SRB) are interleaved in the DPDCH: Terminating the DPDCH transmission would also leave DCCH bits untransmitted. This is the background of the proposal of [3] to introduce in-band signalling of the presence of the DCCH.
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Figure 4: (Fig. 6 of [3])
The benefit of the new shared DCH is thus not only in bringing time multiplexing battery savings for DCH based SRBs, but also in that it frees the enhanced R99 DPCH from the need to carry SRB data. Then inband signalling for the presence of the DCCH can be omitted, and FET can be applied consistently.

5.2.x.2
Conclusion

A new shared DCH is being proposed. It facilitates more efficient transmission of SRB data with the benefit of enabling more consistent use of FET for enhanced R99. It is also applicable to HSPA where it benefits in bringing DCH robustness to the SRB transmission, while maintaining the applicability of CPC power savings.
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3
Conclusions

Proposal: It is proposed to agree to and capture this text proposal in the TR for “DCH Enhancement for UMTS” SI.
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