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1. Introduction

One of the aspects of relevance to the work on Diverse Data Applications concerns the potential for some traffic profiles to cause frequent RRC connection setup/release cycles.  These aspects are noted within the DDA WID [1] and also have been further discussed in other papers (see e.g. [2], [7]).
It is important to understand the “cost” of setting up (and releasing) each RRC connection especially for cases of background traffic where the volume of user data exchanged during each of these RRC connection durations may be small.
In order to dimension the cost of establishing an RRC connection (i.e. to enable the transfer of an amount of user plane data), it is useful to understand:

· How many bytes are transferred at the MAC (transport block) level (in uplink and downlink)
· How many L1 sub-frames need to be active (in uplink and downlink)
Some analysis in this area has been provided in previous meetings (e.g. [3]and [4]).  In this paper, we provide an example RRC connection setup sequence and also include some of the additional layer 1 aspects.

A text proposal summarising the analysis is also provided (in Annex A) and it is proposed to include this in section 5 of TR 36.822 [5].

2. RRC Connection Setup / Release Analysis
2.1 Assumptions
An example RRC connection setup/release sequence is shown in section 2.2.  The sequence is based largely on a recorded log from a 36.523 test case [6].  At the start of the sequence, the UE is EMM_REGISTERED and in ECM_IDLE.

MAC PDU sizes are shown without padding (i.e. neither the MAC padding sub-headers nor any padding bytes are counted towards the total MAC PDU sizes).  It is likely that some of the messages would include padding to fit into a signalled (UL) or selected (DL) transport block size.  Further, all transmissions are assumed to be successfully received (i.e. there are no HARQ or RLC retransmissions).  CQI/CSI transmissions may also be present following the RRC Connection Setup message but are not explicitly shown in the table.  Thus the numbers shown in Table 1 are representative of a best case scenario in this regard (i.e. padding, HARQ retransmissions and CQI overheads are excluded).
Some variations to the sequence of events, their timing, and the MAC PDU sizes are possible depending on implementation.  The sequence shown does however serve as a representative example.

2.2 Results
MAC PDU transfers are shown in red font whilst layer 1 control activity is shown in green.

Table 1 – Example RRC Connection Setup / Release Sequence

	Step
	( UL

( DL
	Contents (of MAC PDU or L1 control)
	MAC PDU Size (Bytes)
	Comments

	
	
	
	UL
	DL
	

	1
	(
	Preamble
	--
	--
	

	2
	(
	Random Access Response (+PDCCH DL grant)
	--
	8
	

	3
	(
	RRC Connection Request
	7
	--
	

	4
	(
	PHICH ACK
	--
	--
	

	5
	(
	Contention Resolution CE (+PDCCH DL grant)
	--
	7
	

	6
	(
	PUCCH ACK
	--
	--
	

	7
	(
	RRC Connection Setup (+PDCCH DL grant)
	--
	30
	Aligned with 38 bytes in [4] minus contention resolution CE (which is sent separately in step 5 above).

	8
	(
	PUCCH ACK
	--
	--
	

	9
	(
	Scheduling Request
	--
	--
	

	10
	(
	PDCCH UL grant
	--
	--
	

	11
	(
	RRC Connection Setup Complete (inc. NAS Service Request) + PHR + short BSR
	20
	--
	

	12
	(
	PHICH ACK
	--
	--
	

	13
	(
	RLC Status PDU (+PDCCH DL grant)
	--
	3
	

	14
	(
	PUCCH ACK
	--
	--
	

	15
	(
	Security Mode Command (+PDCCH DL grant)
	--
	11
	

	16
	(
	PUCCH ACK
	--
	--
	

	17
	(
	Scheduling Request
	--
	--
	

	18
	(
	PDCCH UL grant
	--
	--
	

	19
	(
	Security Mode Complete + RLC Status PDU + PHR + short BSR
	17
	--
	

	20
	(
	PHICH ACK
	--
	--
	

	21
	(
	RLC Status PDU (+PDCCH DL grant)
	--
	3
	

	22
	(
	PUCCH ACK
	--
	--
	

	23
	(
	RRC Connection Reconfiguration (+PDCCH DL grant)
	--
	45
	Does not include the NAS Activate Dedicated EPS Bearer Context Request of [4].  The corresponding NAS Accept message (in UL Information Transfer) is also omitted.

	24
	(
	PUCCH ACK
	--
	--
	

	25
	(
	Scheduling Request
	--
	--
	

	26
	(
	PDCCH UL grant
	--
	--
	

	27
	(
	RRC Connection Reconfiguration Complete + RLC Status PDU + PHR + short BSR
	19
	--
	

	28
	(
	PHICH ACK
	--
	--
	

	29
	(
	RLC Status PDU (+PDCCH DL grant)
	--
	3
	

	30
	(
	PUCCH ACK
	--
	--
	

	<----- User Plane Data Transfer ----->

	31
	(
	RRC Connection Release (+PDCCH DL grant)
	--
	10
	

	32
	(
	PUCCH ACK
	--
	--
	

	33
	(
	Scheduling Request
	--
	--
	

	34
	(
	PDCCH UL grant
	--
	--
	

	35
	(
	RLC Status PDU
	3
	--
	

	36
	(
	PHICH ACK
	--
	--
	

	Total Bytes
	66
	120
	


2.3 Observations
In agreement with [4], RLC status reports sent on the downlink are observed to be sent stand-alone (i.e. within their own MAC PDUs) whereas RLC status reports sent on the uplink are transmitted (in most cases) along with an RRC response message inside the same MAC PDU.
In this example RRC setup/release sequence:

· 66 bytes are transferred in uplink

· 63 during RRC setup and 3 during RRC release

· 120 bytes are transferred in downlink

· 110 during RRC setup and 10 during RRC release
· 14 MAC PDUs are transmitted

· 9 in downlink and 5 in uplink

· 36 subframes are transmitted

· 18 in downlink and 18 in uplink
3. Conclusion

It is proposed to include the text proposal of Annex A in TR 36.822 [5].
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Annex A – Text Proposal for TR 36.822
5
Evaluation of existing EUTRAN functionality

Editor’s note:  Intention is to include evaluations for existing functionality in Rel-8/9/10
5.x
RRC Connection Setup / Release Signalling
Some traffic profiles have the potential to cause frequent RRC connection setup/release cycles in the event that a relatively short RRC connection timeout (based on data inactivity) is used within the eNB.

This section provides an understanding of the cost of setting up each RRC connection, which may be of relevance for background traffic where the volume of user data exchanged during each of the RRC connection durations may be small.

When dimensioning the cost of establishing an RRC connection, the following are of relevance:

· How many bytes are transferred in uplink and downlink at the MAC (transport block) level

· How many sub-frames need to be active at L1 in uplink and downlink
An example RRC connection setup/release sequence is shown in Table 5.x-1 in which some of the associated layer 1 control aspects are also included.  MAC PDU sizes are shown without padding (or padding sub-headers) and all transmissions are assumed to be successfully received (no HARQ or RLC retransmissions).  CQI/CSI transmissions may also be present following the RRC Connection Setup message but are not explicitly shown in the table.
At the start of the sequence, the UE is EMM_REGISTERED and in ECM_IDLE.

MAC PDU transfers are shown in red font whilst layer 1 control activity is shown in green.

In the example RRC setup/release sequence:

· 66 bytes are transferred in uplink

· 63 during RRC setup and 3 during RRC release

· 120 bytes are transferred in downlink

· 110 during RRC setup and 10 during RRC release

· 14 MAC PDUs are transmitted

· 9 in downlink and 5 in uplink

· 36 subframes are actively transmitted

· 18 in downlink and 18 in uplink
Table 5.x-1 – Example RRC Connection Setup / Release Sequence

	Step
	( UL

( DL
	Contents (of MAC PDU or L1 control)
	MAC PDU Size (Bytes)

	
	
	
	UL
	DL

	1
	(
	Preamble
	--
	--

	2
	(
	Random Access Response (+PDCCH DL grant)
	--
	8

	3
	(
	RRC Connection Request
	7
	--

	4
	(
	PHICH ACK
	--
	--

	5
	(
	Contention Resolution CE (+PDCCH DL grant)
	--
	7

	6
	(
	PUCCH ACK
	--
	--

	7
	(
	RRC Connection Setup (+PDCCH DL grant)
	--
	30

	8
	(
	PUCCH ACK
	--
	--

	9
	(
	Scheduling Request
	--
	--

	10
	(
	PDCCH UL grant
	--
	--

	11
	(
	RRC Connection Setup Complete (inc. NAS Service Request) + PHR + short BSR
	20
	--

	12
	(
	PHICH ACK
	--
	--

	13
	(
	RLC Status PDU (+PDCCH DL grant)
	--
	3

	14
	(
	PUCCH ACK
	--
	--

	15
	(
	Security Mode Command (+PDCCH DL grant)
	--
	11

	16
	(
	PUCCH ACK
	--
	--

	17
	(
	Scheduling Request
	--
	--

	18
	(
	PDCCH UL grant
	--
	--

	19
	(
	Security Mode Complete + RLC Status PDU + PHR + short BSR
	17
	--

	20
	(
	PHICH ACK
	--
	--

	21
	(
	RLC Status PDU (+PDCCH DL grant)
	--
	3

	22
	(
	PUCCH ACK
	--
	--

	23
	(
	RRC Connection Reconfiguration (+PDCCH DL grant)
	--
	45

	24
	(
	PUCCH ACK
	--
	--

	25
	(
	Scheduling Request
	--
	--

	26
	(
	PDCCH UL grant
	--
	--

	27
	(
	RRC Connection Reconfiguration Complete + RLC Status PDU + PHR + short BSR
	19
	--

	28
	(
	PHICH ACK
	--
	--

	29
	(
	RLC Status PDU (+PDCCH DL grant)
	--
	3

	30
	(
	PUCCH ACK
	--
	--

	31
	(
	RRC Connection Release (+PDCCH DL grant)
	--
	10

	32
	(
	PUCCH ACK
	--
	--

	33
	(
	Scheduling Request
	--
	--

	34
	(
	PDCCH UL grant
	--
	--

	35
	(
	RLC Status PDU
	3
	--

	36
	(
	PHICH ACK
	--
	--

	Total Bytes
	66
	120


































































