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1. Introduction

RAN#28 initiated a study item on "Continuous Connectivity for Packet Data Users" with the aim to "study proposals which reduce the uplink noise rise from physical control channels of inactive packet data users".

Earlier RAN#27 initiated a work item on "Improved support of IMS Realtime Services using HSDPA/HSUPA" with the aim to "improve the support for IMS real time services using HSDPA/HSUPA (HS-DSCH/E-DCH)".

The target of the proposal in this document is to answer to the call set out by the study on continuous connectivity, but if designed intelligently, provide additional capacity gain to the IMS realtime services over HSDPA/HSUPA as well.

2. Motivation & background

The primary motivation of the proposal can be easily derived from the study item description sheet [3] and as such is not sensible to repeat everything in length in this document. However, a quick summary of to what desires the proposal was designed to answer to:

· Reduce the uplink noise rise when no data is transmitted

· Reduce UE power consumption

· Allow keeping UEs in the CELL_DCH state for longer time than sensible with current specification and thus avoid frequent CELL_FACH – CELL_DCH delays and signalling.

· Reduce the uplink/downlink capacity imbalance by Increasing uplink capacity in terms of number of simultaneous (low data rate or inactive) packet data users

When the number of users in the CELL_DCH state increases the part of the cell capacity consumed by the DPCCH transmission increases as well. In the downlink the usage of HSDPA and Fractional DPCH effectively reduces the DPCCH overhead in addition to enhancing the usage of the code space. In the uplink however, the DPCCHs consume larger and larger portion of the total uplink capacity when the number of users increase.

According to calculations by Siemens [1] the uplink can serve less than 100 simultaneous DPCCHs in a single cell, and with high HS-DPCCH activity the combined DPCCH + HS-DPCCH of roughly 60 users will consume the cell uplink capacity completely without transmitting a single bit of user traffic.

Considering e.g. VoIP or Internet browsing, it is intuitively clear that the uplink data transmission is not continuous, but with current specifications the DPCCH continues consuming the capacity even when data is not transmitted. Thus in the following chapters we focus on the uplink DPCCH overhead and ways to reduce it.

3. Proposed Improvement

The obvious solution for reducing DPCCH overhead of packet data users would be to turn off the DPCCH transmission when no data or HS-DPCCH is being transmitted. With such an ideal solution the idle packet data users would not consume any air interface resources and  network resource allocation would set the limit on how many idle users would be kept in the CELL_DCH.  

In the following we consider a HSDPA/HSUPA scenario only, with no DCHs configured. In the idealized scenario the DPCCH transmission would be active when E-DCH or HS-DPCCH would be transmitted, and inactive if neither of them is transmitted. The HS-SCCH, HS-PDSCH and F-DPCH reception are possible without active uplink. The F-DPCH power control could be impacted due to missing uplink transmission, but there wouldn't be any use for the TPC commands carried by the F-DPCH in the UE when nothing is sent in the uplink.

Due to practical reasons such an idealized solution with turning off the DPCCH transmission completedly may not be feasible. During long inactivity the Node B could not any more know whether the uplink synchronisation is lost or if there just is a very long inactivity period.

The basic idea in its simplicity is to have a DPCCH activity pattern that would define e.g. a few DPCCH slots to be transmitted every few radio frames and no transmission of DPCCH during other times, unless E-DCH or HS-DPCCH is transmitted. Depending on the length of the DPCCH transmission gap, a DPCCH power control preamble of few slots may be needed before E-DCH/HS-DPCCH transmission may actually take place.

Example with Basic Packet Session

Figure 1 depicts the basic idea, where during data traffic activity (e.g. web page is being transmitted in the downlink and TCP acknowledgements as well as HSDPA acknowledgements are transmitted in the uplink) everything operates as with R'6 specifications, but when the data traffic stops the DPCCH transmission in the uplink is shut down too. Occasionally during the data inactivity the DPCCH is transmitted in a predetermined pattern so that the Node B always knows to expects some slots of DPCCH transmission and can still follow the uplink presence and quality. 
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Figure 1: DPCCH transmission with gating

Whenever the uplink has anything to transmit on E-DCH or HS-DPCCH the DPCCH transmission will be automatically reinitiated. 

More generally, during any packet session with any packet activity/inactivity ratio, when the user is transmitting data in the uplink, the DPCCH is continuously active as long as the data or HS-DPCCH transmission is taking place and during the 'reading time', when the uplink is inactive, the DPCCH gating pattern would be applied reducing the consumed uplink capacity to a fraction compared to continuous DPCCH. It is worth noting that the UE talk times would be increased due to lowered battery consumption.

The added benefit would be, as also described in [1] that the network could keep users longer in CELL_DCH instead of constantly moving users back and forth between CELL_FACH and CELL_DCH. This would practically eliminate the state transition delays and thus provide better user experience.

The actual savings would be heavily depending on the activity factor of the uplink transmission as well as the time before dropping inactive users from CELL_DCH.

More detailed example with VoIP traffic as an example

Below VoIP has been selected as a known and often used low data rate packet data traffic to illustrate the basic principle in sub-frame level. With VoIP it would be possible also to benefit from the fact that the data transmission timing even during the active phase of VoIP would be known and could be matched with DPCCH gating period. 
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Figure 2: DPCCH transmission with gating & 2 ms E-DCH TTI. HS-DPCCH impact not shown

In Figure 2 an example DPCCH gating with 2 ms E-DCH TTI and VoIP traffic (with average transmission rate of 2.5 transmission per packet) mapped to HARQ processes 1 and 2 is shown. With such parametrisation the DPCCH overhead would be reduced to ~6% during voice inactivity and to ~25% during voice activity. Assuming 50% voice activity the DPCCH overhead would be reduced to ~16% of the overhead from continuous DPCCH. HS-DPCCH activity and potential power control preambles would reduce the actual gains, but with good parametrisation and possible improvements to CQI reporting, the impact of HS-DPCCH is not dominant.
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Figure 3: DPCCH transmission with gating & 10 ms E-DCH TTI. HS-DPCCH impact not shown

In Figure 3 an example DPCCH gating with 10 ms E-DCH TTI and VoIP traffic (no retransmissions shown, low retransmission rate) mapped to HARQ processes 1 and 3 is shown. With such parametrisation the DPCCH overhead would be reduced to 10% during voice inactivity and to ~50% during voice activity. Assuming 50% voice activity the DPCCH overhead would be reduced to ~30% of the overhead from continuous DPCCH. HS-DPCCH activity and potential power control preambles would reduce the actual gains.

Finally it should be noted that UE talk times would be significantly increased due to lowered battery consumption.

4. Potential gain

As mentioned in chapter 3, the gain of gating the DPCCH during uplink inactivity is very much dependent on the traffic model used and how long the inactive users are kept in the CELL-DCH. Thus below we have used VoIP as an example scenario because its activity pattern is known and can be more easily used as a basis for calculation. Defining the DPCCH gating pattern to match the VoIP transmissions would enable achieving the maximum gain with VoIP users.

4.1 VoIP Scenario

Taking the following assumptions:

· 50% voice activity cycle

· E-DCH power +9 dB (2 ms TTI) / +5 dB (10 ms TTI)

· Average # of transmissions 2 (2 ms TTI) / 1.2 (10 ms TTI)

· 10 % DPCCH activity during voice inactivity period, otherwise DPCCH transmitted only when E-DCH transmitted

With the above assumptions we get to following figures:

E-DCH activity ((Voice activity + SID frame activity) * TTI/20 ms * average number of transmissions per voice frame):

· 2 ms TTI: 10% 
(0.5 * 2/20 * 2)

· 10 ms TTI: 30% 
(0.5 * 10/20 * 1.2)

Percentage of energy (generated interference) used on continuous DPCCH transmission (DPCCH power / (DPCCH power + E-DCH activity*E-DCH power)

· 2 ms TTI: ~55%
(1 / (1 + 0.1*100.9)

· 10 ms TTI: ~50%
(1 / (1 + 0.3*100.5)

Saving from DPCCH overhead using gating (not considering possible power control preambles or HS-DPCCH transmissions) (1 – (E-DCH activity + 0.5 * DPCCH activity during voice inactivity))

· 2 ms TTI: 85% 
(1 – (0.1 + 0.5*0.1))

· 10 ms TTI: 65% 
(1 – (0.3 + 0.5*0.1))

Thus the upper bound for the VoIP capacity increase (number of simultaneous users supported) with ideal gating is ((1 – (E-DCH portion + gated DPCCH portion) / (E-DCH portion + gated DPCCH portion))

· 2 ms TTI: ~90% 
((1 – (0.45 + 0.55*0.15))/(0.45 + 0.55*0.15))

· 10 ms TTI: ~50%
((1 – (0.5 + 0.5*0.35))/(0.5 + 0.5*0.35))

Figure 4 below shows the upper bounds of the relative gains achievable with the above-calculated VoIP scenario and how much the achievable gain lowers when the DPCCH activity increases.
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Figure 4: Relative gain of lowering the DPCCH activity factor (1 = continuous DPCCH)

5. Conclusion

We propose to further investigate an uplink DPCCH gating scheme for HSDPA/HSUPA, where

· The UE would always transmit DPCCH at least according to a known activity pattern of relatively low (~10% or lower) DPCCH activity.

· If E-DCH or HS-DPCCH transmission would happen during DPCCH inactivity, DPCCH transmission would be autonomously initiated and again stopped when E-DCH and HS-DPCCH become inactive.

· Need for a power control preamble (DPCCH transmission start some slots before E-DCH/HS-DPCCH transmission) and its dependency to the DPCCH inactivity should be further investigated.

Such a mechanism shows significant system gain when there is high number of users in the CELL_DCH state. This would be the case e.g. with high number of idle packet users or with VoIP.

The CQI reporting can as of today already be configured to a relatively low frequency and matching it to the DPCCH activity pattern should be possible. Further CQI reporting enhancements enabling better matching the CQI transmission moments to other transmissions could be considered. E.g. mechanisms already studied and documented to HSDPA Enhancements TR [2] could be re-reviewed.
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