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1
Introduction

The AMR call setup delay analyses was presented in last RAN2 meeting in several contribution [1], [2], [3]. In [3], the usage of both CELL_DCH state and CELL_FACH state from RRC connection setup phase was shown. In this contribution we present our understanding on expected setup delays on PS domain when HSDPA and HSUPA are utilised for SRBs. Even though this configuration is available only from Rel6 onwards, and therefore cannot solve problems faced today, we consider that this kind of analyses is necessary to understand what can be achieved by latest 3GPP release, so that most relevant places for future enhancements can be identified.

2
Discussion 

Typically in the NW implementations today, the RRC connection and RB setup procedures are run on Cell_DCH state. First a standalone SRB with either 13.6 (10 ms TTI) or 3.4 kbps (40 ms TTI) DCH is setup and then RB setup for the user plane RB is performed. The RRC procedure establishing the user plane DCH has to be synchronised in Cell_DCH state, adding the activation time to the overall delay. The added delay due to activation time for PS connections is about the same as for CS AMR connections as presented in [3]. 

In Rel-6, the possibility to map SRBs on HS-DSCH/E-DCH directly in RRC connection setup was introduced in [4]. Due to shorter TTIs, faster retransmissions on L1, avoiding RLC retransmissions and faster physical channel bit rates (as there should be no reason to restrict to 13.6 or 3.4 kbps), the signalling delay between UE and RNC is reduced. This can clearly be achieved by e.g. setting the MAC-d flow carrying SRBs as high priority, performing very robust link adaptation and assuming the lowest HSPA UE category (UE capabilities are not known in RRC connection request). 

The optimization of the RRC message sizes sent on HSPA channels may be also less important than in DCH case. This is due to the fact that even if RRC message is segmented to multiple RLC PDUs these PDUs can be transmitted in single HSPA TTI.  Another significant advantage is that no synchronized reconfiguration with activation time is needed when the user plane MAC-d flow is established as actual physical layer configuration is not changed. 
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Figure 1: Signalling flow of RRC connection and RB setup on HSPA channels.

Delay budget of Rel-6 solution is presented in Table 1, where the fast L1 synchronisation is assumed and HSUPA with 10 ms TTI. The RRC connection establishment delay is slightly shorter than presented for DCH case (610ms), due to the fact that the L1 synchronisation procedure is faster and the RRC connection setup complete can already utilise HSUPA.

However, delay reduction possibilities in SIB7 reading time or utilisation of default configurations in RRC connection setup message are not considered, which can provide quite significant relative improvement, as the other signalling delays are reduced compared to DCH case. 

Signalling delays of 30 ms in UL E-DCH with 10 ms TTI and 20 ms for  DL on HS-DSCH are based on estimates and lab test including UE, Uu, Node B, Iub and RNC delays, and the basic assumption is that one transport block  of HSPA can carry single RRC message. In addition 0 retransmissions are assumed on HARQ and RLC. Each HARQ retransmission in UL would add 40 ms and in DL 12 ms extra delay to each signalling procedure.

Thus, presented values are not absolute and some variation in those should be expected in real systems depending on HSDPA and HSUPA HARQ operation point, Node B scheduler implementation, and other implementation depending issues. 

Naturally, delay reduction would be also available if 2ms TTI would be used for HSUPA, however to achieve this the HARQ operation point should be set to same level and anyway the usage of the 2 ms TTI is not feasible over the full cell range due to coverage limitations of the short TTI. 

Table 1: Rel-6 RRC connection and RB setup on HSPA channels delay budget.

	Component
	Sender/ receiver
	Delay (ms)
	Cumulative 
Delay (ms)
	Comments
	Reference time point in Figure 6.1.1-1 and 6.1.3-1

	Reading time of SIB 7
	NA
	70 ms
	70
	Highly depending on UTRAN SIB7 scheduling as described in [3]
	t0

	RRC connection request 
	UE/RNC
	40 ms
	110
	
	

	RRC connection setup 
	RNC/UE
	200 ms
	310
	Includes network RL setup delays, no default HSPA configuration assumed
	t1

	RRC connection setup complete 
	UE/RNC
	150 ms
	460
	Synchronisation delay reduction taken into account 
	t2

	RRC connection setup sub-total:
	
	
	460 ms
	
	T0-t2

	Service request 
	UE/PS CN
	10 ms
	470 
	UE starts sending the service request immediately after RRC connection complete
	t1

	Security mode command 
	RNC/UE
	30 ms
	500 
	
	t2

	Security mode complete 
	UE/RNC
	40 ms
	540
	
	t3

	PDP context activation request 
	UE/PS CN
	10 ms
	550
	
	t4

	Radio Bearer  setup 
	RNC/UE
	120 ms
	670
	Includes the PDP context activation delay in SGSN and GGSN RAB assignment request procedure 
	t5

	Radio Bearer setup complete 
	UE/RNC
	80 ms
	750
	Setup of new Radio bearer and MAC-d flow, with activation time "now" 
	t5

	PDP context activation accept 
	PS CN/UE
	70 ms
	820
	Includes the RAB assignment response delay
	t6

	PDP context activation sub-total: 360 ms
	
	
	
	
	

	Grand total:
	
	
	820 ms
	
	T0-T1


On the another hand, when considering some typical IMS services like push-email, presence or PoC, the UE is registered to the network and activated at least one PDP context. Therefore, the likelihood that the UE is having RRC connection established already and is typically kept in CELL/URA_PCH state is high as UTRAN would be expected to avoid frequent RRC connection setups every time when the push-mail e.g. is refreshing the mail client’s status. 
If the UE is already in CELL/URA_PCH state the expected delay is reduced from the one presented in Table 1, as there is no need for service request and security procedures, and the RRC connection establishment procedure is changed to Cell Update Procedure. If the direct transition from CELL/URA_PCH to CELL_DCH is used, the delay introduced by Cell Update procedure is at same magnitude as RRC connection setup, especially if default configuration is used in RRC connection setup message. 
In both cases (service setup from idle and CELL/URA_PCH) the largest single contributor to the overall delay is the CN/UTRAN processing times between PDP context activation request including RAB assignment request and RB setup procedure. Obviously this processing time consists of numerous components and the possibility to shorten the CN/UTRAN processing times is beyond the scope of this document. 

The rest of the delay consists of numerous messages exchanged between UE, RNC and between UE and CN and activating the RRC connection establishment or performing the Cell update procedure first and after that starting the signalling towards CN. To speed up both RRC connection setup procedure and cell update procedure, the signalling delay on RACH and FACH can be seen as one bottle neck compared to signalling speeds on HSUPA and HSDPA. 

In addition, when considering UE power consumption and standby times together with IMS implication as push-mail, the network strategy to move UE always to CELL_DCH when some DL/UL user plane data is to be transmitted to the UE might to be preferred solution. Thus enhancements on possible signalling bit rates on CELL_FACH state could reduce also delays experienced by "the first packets" of the session or low data amount/rate (few bytes) services without negative impact on UEs standby times.
Thus the findings of this analysis can be concluded by following:

1. Utilisation of HSPA for SRB for setting up PS connection can significantly reduce setup delays

1.1. As presented in [3] the utilisation of default configurations in RRC connection setup can further improve Rel6

2. Future i.e. Rel7 improvements on top of usage of default configurations could be achieved by increasing the available peak bit rates for SRBs in CELL_FACH state

2.1. Increasing the peak bit rates available in CELL_FACH state could reduce delays experienced by the RRC messages when switching to CELL_DCH, by "the first packets" or services with low data amount/rate where state transition to CELL_DCH is not reasonable due to UE power consumption.
3. RTT provided for SRB signalling cannot be easily reduced from what HSDPA and HSUPA can provide

4. Parallelisation of both RRC and CN procedures and setting up user and control plane resources could further reduce setup delays

4.1. Combine setup of SRBs and RB in RRC connection setup by using default configurations (However, this seems to provide more gains to the DCH case where synchronised reconfiguration is used compared to HSPA case where as MAC-d flows can be added with unsynchronised reconfiguration procedure)

4.2. Combine RRC connection request/Cell updated and Service request/PDP context activation, so that service request can be processed  during RRC connection  setup/complete procedure and security mode command can be sent to UE immediately after L1 is synchronised. 

3
Conclusions

The PS call setup delays by using HSDPA and HSUPA were estimated in this contribution. Even though the usage of HS-DSCH and E-DCH will bring significant gains for setup delays, the future enhancements can be obtained by introducing the default configurations for SRBs on HS-DSCH and E-DCH. In addition, RAN2 should seek possibilities to increase available bit rates in CELL_FACH state for signalling and user plane data transmissions and increasing the parallelism between UTRAN and CN procedures. 
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