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10.1.4
Paging and C-plane establishment

Paging groups (where multiple UEs can be addressed) are used on PDCCH:

-
Precise UE identity is found on PCH;

-
DRX configurable via BCCH (UE specific DRX is FFS);
-
Only one subframe allocated per paging interval per UE;

-
The network may divide UEs to different paging occasions in time;

-
There is no grouping within paging occasion;

-
One paging RNTI for PCH.
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10.1.5.1
Contention based random access procedure
The contention based random access procedure is outlined on Figure 10.1.5.1-1 below:
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Figure 10.1.5.1-1: Contention based Random Access Procedure

The four steps of the contention based random access procedures are:

1)
Random Access Preamble on RACH in uplink: 

-
6 bits to carry: a 5 bit random ID, and 1 bit to indicate information on size of message 3 or requested resource blocks (FFS) limited by radio conditions. The groups of signatures that are used for indicating the 1 bit information, as well as necessary thresholds are broadcast on system information.
NOTE:
the total number of bits is 5 for TDD Frame Structure Type II.

2)
Random Access Response generated by MAC on DL-SCH:

-
Semi-synchronous (within a flexible window of which the size is one or more TTI) with message 1;

-
No HARQ;

-
Addressed to RA-RNTI on PDCCH;

-
Conveys at least RA-preamble identifier, Timing Alignment information, initial UL grant and assignment of Temporary C-RNTI (which may or may not be made permanent upon RRC Contention Resolution);

-
Intended for a variable number of UEs in one DL-SCH message.

3)
First scheduled UL transmission on UL-SCH:

-
Uses HARQ;

-
Size of the transport blocks depends on the UL grant conveyed in step 2 and is at least 80 bits.

-
For initial access:

-
Conveys the RRC Connection Request generated by the RRC layer and transmitted via CCCH;

-
Conveys at least NAS UE identifier but no NAS message;

-
RLC TM: no segmentation;

-
After radio link failure:

-
Conveys the RRC Connection Re-establishment Request generated by the RRC layer and transmitted via CCCH;

-
RLC TM: no segmentation;

-
Does not contain any NAS message.

-
After handover, in the target cell:

-
Conveys the ciphered and integrity protected RRC Handover Confirm generated by the RRC layer and transmitted via DCCH;

-
Conveys the C-RNTI of the UE (which was allocated via the Handover Command);

-
Includes an uplink Buffer Status Report when possible.

-
For other events:

-
Conveys at least the C-RNTI of the UE.
4)
Contention Resolution on DL-SCH:

-
Early contention resolution shall be used i.e. eNB does not wait for NAS reply before resolving contention

-
Not synchronised with message 3;

-
HARQ is supported;

-
Addressed to:
-
The Temporary C-RNTI on PDCCH for initial access and after radio link failure;
-
The C-RNTI on PDCCH for UE in RRC_CONNECTED;

-
HARQ feedback is transmitted only by the UE which detects its own UE identity, as provided in message 3, echoed in the RRC Contention Resolution message;

-
For initial access and after radio link failure, no segmentation is used (RLC-TM).
The Temporary C-RNTI is promoted to C-RNTI for a UE which detects RA success and does not already have a C-RNTI; it is dropped by others. A UE which detects RA success and already has a C-RNTI, resumes using its C-RNTI.

	Next changed section


10.1.5.2
Non-contention based random access procedure
The non-contention based random access procedure is outlined on Figure 10.1.5.2-1 below:
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Figure 10.1.5.2-1: Non-contention based Random Access Procedure
The three steps of the non-contention based random access procedures are:

0)
Random Access Preamble assignment via dedicated signalling in DL:

-
eNB assigns to UE a non-contention Random Access Preamble (a Random Access Preamble not within the set broadcasted on BCH).

-
Signalled via:

-
HO command generated by target eNB and sent via source eNB for handover;

-
PDCCH in case of DL data arrival.

1)
Random Access Preamble on RACH in uplink: 

-
UE transmits the assigned non-contention Random Access Preamble.

2)
Random Access Response on DL-SCH:

-
Semi-synchronous (within a flexible window of which the size is one or more TTI) with message 1;

-
No HARQ;
-
Addressed to RA-RNTI on PDCCH;
-
Conveys at least:

-
Timing Alignment information and initial UL grant for handover;

-
Timing Alignment information for DL data arrival;

-
RA-preamble identifier.

-
Intended for one or multiple UEs in one DL-SCH message.
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11.1.1
Downlink Scheduling

In the downlink, E-UTRAN can dynamically allocate resources (PRBs and MCS) to UEs at each TTI via the C-RNTI on PDCCH(s). A UE always monitors the PDCCH(s) in order to find possible allocation when its downlink reception is enabled (activity governed by DRX).

In addition, E-UTRAN can allocate persistent downlink resources for the first HARQ transmissions to UEs. When required, retransmissions are explicitly signalled via the PDCCH(s). In the sub-frames where the UE has persistent resource, if the UE cannot find its C-RNTI on the PDCCH(s), a downlink transmission according to the persistent allocation that the UE has been assigned in the TTI is assumed. Otherwise, in the sub-frames where the UE has persistent resource, if the UE finds its C-RNTI on the PDCCH(s), the PDCCH allocation overrides the persistent allocation for that TTI and the UE does not decode the persistent resources.
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11.1.2
Uplink Scheduling

In the uplink, E-UTRAN can dynamically allocate resources (PRBs and MCS) to UEs at each TTI via the C-RNTI on PDCCH(s). A UE always monitors the PDCCH(s) in order to find possible allocation for uplink transmission when its downlink reception is enabled (activity governed by DRX).

In addition, E-UTRAN can allocate a persistent uplink resource for the first HARQ transmissions and potentially retransmissions to UEs:

-
RRC defines the periodicity of the persistent grant;

-
PDCCH indicates whether the UL grant is a persistent one i.e. whether it can be implicitly reused in the following TTIs according to the periodicity defined by RRC.

 In the sub-frames where the UE has persistent resource, if the UE cannot find its C-RNTI on the PDCCH(s), an uplink transmission according to the persistent allocation that the UE has been assigned in the TTI can be made. The network performs decoding of the pre-defined PRBs according to the pre-defined MCS. Otherwise, in the sub-frames where the UE has persistent resource, if the UE finds its C-RNTI on the PDCCH(s), the PDCCH allocation overrides the persistent allocation for that TTI and the UE’s transmission follows the PDCCH allocation, not the persistent allocation. Retransmissions are either implicitly allocated in which case the UE uses the persistent allocation, or explicitly allocated via PDCCH(s) in which case the UE does not follow the persistent allocation.

NOTE:
there is no blind decoding in uplink and when the UE does not have enough data to fill the allocated resource, padding is used.

	Next changed section


12
DRX in RRC_CONNECTED 

In order to enable reasonable UE battery consumption, DRX in E-UTRAN is characterised by the following:

-
Per UE mechanism (as opposed to per radio bearer);

-
No RRC or MAC substate to distinguish between different levels of DRX;

-
Available DRX values are controlled by the network and start from non-DRX up to x seconds. Value x may be as long as the paging DRX used in ECM-IDLE;

-
Measurement requirement and reporting criteria can differ according to the length of the DRX interval i.e. long DRX intervals may experience more relaxed requirements;

-
The UE may omit measurements of neighbouring cells when the DRX interval is above a threshold and if the radio quality of the serving cell is above another threshold. To configure this behaviour in the UE, the two thresholds may be indicated by the eNB;

-
Irrespective of DRX, UE may use first available RACH opportunity to send an UL measurement report;

-
Immediately after sending a measurement report, the UE may change its DRX. This mechanism would be pre-configured by the eNB;

-
HARQ operation related to data transmission is independent of DRX operation and the UE wakes up to read the PDCCH for possible retransmissions and/or ACK/NAK signalling regardless of DRX In the downlink, a timer is used to limit the time the UE stays awake awaiting for a retransmission;
-
When DRX is configured, the UE may be further configured with an "on-duration" timer during which time the UE monitors the PDCCHs for possible allocations;

-
When DRX is configured, periodic CQI reports can only be sent by the UE during the “active-time”. RRC can further restrict periodic CQI reports so that they are only sent during the on-duration;

-
A timer in the UE is used to detect need for obtaining timing advance.

The following definitions apply to DRX in E-UTRAN:

-
on-duration: duration in downlink subframes that the UE waits for, after waking up from DRX, to receive PDCCHs. If the UE successfully decodes a PDCCH, the UE stays awake and starts the inactivity timer;

-
inactivity-timer: duration in downlink subframes that the UE waits to successfully decode a PDCCH, from the last successful decoding of a PDCCH, failing which it re-enters DRX. The UE shall restart the inactivity timer following a single successful decoding of a PDCCH for a first transmission only (i.e. not for retransmissions).

-
active-time: total duration that the UE is awake. This includes the “on-duration” of the DRX cycle, the time UE is performing continuous reception while the inactivity timer has not expired and the time UE is performing continuous reception while waiting for a DL retransmission after one HARQ RTT. Based on the above the minimum active time is of length equal to on-duration, and the maximum is undefined (infinite);

Of the above parameters the on-duration and inactivity-timer are of fixed lengths, while the active-time is of varying lengths based on scheduling decision and UE decoding success. Only on-duration and inactivity-timer duration are signalled to the UE by the eNB:

-
There is only one DRX configuration applied in the UE at any time;

-
UE shall apply an on-duration on wake-up from DRX sleep;

NOTE:
this is also applicable for the case where the UE has only one service (e.g. Real Time) that is being handled through the allocation of predefined resources; this allows for other signalling such as RRC to be sent during the remaining portion of the active time.

-
New transmissions can only take place during the active-time (so that when the UE is waiting for one retransmission only, it does not have to be “awake” during the RTT).

-
If PDCCH has not been successfully decoded during the on-duration, the UE shall follow the DRX configuration (i.e. the UE can enter DRX sleep if allowed by the DRX configuration):

-
This applies also for the sub-frames where the UE has been allocated predefined resources.

-
If it successfully decodes a PDCCH for a first transmission, the UE shall stay awake and start the inactivity timer (even if a PDCCH is successfully decoded in the sub-frames where the UE has also been allocated predefined resources) until a MAC control message tells the UE to re-enter DRX, or until the inactivity timer expires. In both cases, the DRX cycle that the UE follows after re-entering DRX is given by the following rules:

-
If a short DRX cycle is configured; the UE first follows the short DRX cycle and after a longer period of inactivity the UE follows the long DRX cycle;

-
Else the UE follows the long DRX cycle directly.
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Annex B (informative):
MAC and RRC Control

The E-UTRA supports control signalling in terms of MAC control signalling (PDCCH and MAC control PDU) and RRC control signalling (RRC message).

B.1
Difference between MAC and RRC control
The different characteristics of MAC and RRC control are summarized in the table below.

Table B.1-1: Summary of the difference between MAC and RRC control

	
	MAC control
	RRC control

	Control entity
	MAC
	RRC

	Signalling
	PDCCH 
	MAC control PDU
	RRC message

	Signalling reliability
	~ 10-2 (no retransmission)
	~ 10-3 (after HARQ)
	~ 10-6 (after ARQ)

	Control delay
	Very short
	Short
	Longer

	Extensibility
	None or very limited
	Limited
	High

	Security
	No integrity protection
 No ciphering
	No integrity protection
No ciphering
	Integrity protected Ciphering (FFS)


The main difference between MAC and RRC control lies in the signalling reliability. Due to the signalling reliability, signalling involving state transitions and radio bearer configurations should be performed by RRC. Basically, all signalling performed by RRC in UTRA should also be performed by RRC also for E-UTRA.
B.2
Classification of MAC and RRC control functions
The table below illustrates the classification of MAC and RRC control functions for E-UTRAN.

Table B.2-1: Classification of MAC and RRC control functions

	
	Controlled configuration/parameters

	MAC control signalling
	PDCCH
	Short-lived (PRB) and dynamic (MCS) allocation
Long-lived (PRB) and fixed (MCS) allocation (FFS)
Timing Advance (FFS)

	
	MAC control PDU
	Timing Advance (FFS)
RLC related control PDU (FFS)

	RRC control signalling
	RRC message
	Long-lived (PRB) and fixed (MCS) allocation (FFS)
Activation/deactivation of long-lived (PRB) and/or fixed (MCS) allocation (FFS)
TTI configuration for variable TTI length control (FFS)
Static parameter configuration for UE inactivity control within RRC_ACTIVE (e.g. DRX/DTX periods)
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C.1.4
Information needed prior to cell access

Once a UE has camped on a cell, the information needed prior to cell access (transmission/reception) includes at least:

-
System Frame Number (SFN) (FFS)

-
SFN is probably needed by the UE to understand the scheduling parameters (e.g. scheduling information for secondary SI, RACH, PCH, E-MBMS etc.)

-
L1 information, example set of needed L1 parameters:

Note:
RAN1 needs to define what parameters are needed at this phase.

-
Carrier Bandwidth: FFS if separate bandwidths for UL and DL are needed;

-
Carrier center frequency (FFS);

-
Cyclic Prefix parameters: in order to decode DL-SCH UE needs to know the CP length arrangements;

-
MIMO related parameters: in order to take advantage of the multi-antenna transmissions like MIMO, the UE needs to know parameters of number of TX antennas, DL/UL pre-coding matrices, etc...;

-
Band Information: may be needed if the same DL carrier frequency has variable UL carrier frequency;

-
PDCCH, PHICH and PUCCH structure parameters: if PDCCH has variable configurations, the UE may need to know its channel structure at least partly. PDCCH is crucial to receive any allocation information. If Random Access Response is transmitted without PDCCH (e.g. synchronous transmission with Random Access Preamble), this information might not be required;
-
RACH parameters (needed by the UE to start usage of RACH):

-
RACH scheduling information: UE needs to know where in time (sub-frame) and frequency (Physical Resource Units) the RACH channel is located;

-
RACH sequences: UE needs to know the RACH set of sequences to choose from. The sequences may not be fully of equal meaning (e.g. CQI can be classified for the sequences in a specific way);

-
Access class restrictions: access class restrictions might be needed to limit the number of possible UEs using RACH;

-
Persistence values: possible persistence value scheme parameters are needed for RACH usage;

-
Other parameters related to RACH: UE needs to know the timers and parameters related to RACH e.g. how often the UE retransmits RACH and how many times the retransmission is allowed etc;

-
RACH power control parameters: UE needs to know parameters related to UL power control.
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C.2.1
Static part

The static parts of the System Information are:

-
L1 information in order to decode the rest of the information

Note:
detailed information on the required information will be defined by RAN1;

-
Measurement Cell identity (FFS): it may be possible that L1 channels do not identify the cell. Then some Cell identity needs to be sent on system information part;

-
Any cell access restriction parameters e.g.:

-
Tracking area identity: if forbidden TA concept is adopted from legacy systems then UEs need to know whether the cell belongs to forbidden TA;
Note:
the above text will be revised if it is agreed that a cell can be a member of more than one tracking area.

-
Cell barring and cell reservation status (FFS if needed per PLMN): UEs need to know whether cell is barred or reserved in order to avoid camping on barred cell. Possibly also barring time might be needed in order to avoid UEs to poll barring time frequently from the system information;

-
Radio access limitation parameters: any radio condition parameters that limit the access to the cell e.g. similar to GSM C1/S criteria;

-
PLMN identity(ies): in order to acquire information to which PLMN cell belongs, UEs need to receive PLMN identity(ies). 

NOTE:
there may be multiple PLMN identities for one cell.

· Scheduling parameters:

-
All of the scheduling information of flexible part or part of scheduling information (e.g. scheduling block) of flexible part. If static part consists of multiple SI blocks then it may be necessary to have scheduling information of those blocks in the static part.

-
Scheduling block defines, from where (time and frequency resources) to decode the SI blocks of the scheduled flexible part. It may be possible that scheduling of scheduling block is standardized, then this information can be omitted from the static part. If several types of scheduling blocks are defined , scheduling information might be sent for each scheduling block. 

-
Value_tag(s): informs whether the information transmitted on the flexible part has changed. This is needed in order to avoid UEs from reading any unchanged information repeatedly. Another possibility is to send this information in PDCCH, but possibly it would cause too much overhead. 
NOTE: 
It also is possible to include Value_tag for SI on the flexible part indicating more precisely what changes have occurred in the system information.

NOTE:
There may be a need for indicating changes in static part with value tag also, if static part consists of multiple SI blocks.

Table C.2.1-1 gives an estimate of the size of the elements mentioned above.
Table C.2.1-1: Initial rough estimates for static part capacity requirement

	Information element
	Bits

	Cyclic Prefix (FFS)
	2

	Carrier BW (FFS)
	3-8

	MIMO parameters (FFS)
	2 (+ 3)

	Cell Id (FFS)
	9

	Tracking Area Id (+ FFS how many additional)
	[16-28]

	Cell Barring status+ possible Time of barring
	1+4

	Cell reservation status
	[2]

	Radio access limitation parameters
	12

	PLMN id(s) maximum of 5 ( 24 bits per one) - see Note
	120

	Scheduling parameters
	(12-108)

	Value Tag
	4

	SFN (FFS)
	11


NOTE: 
It might not be necessary to send the Mobile Country Code part of the PLMN identity for each indicated PLMN to limit the number of bits.
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Annex H (informative):
PDCCH, PHICH and PUCCH Performance

The target qualities on PDCCH, PHICH and PUCCH of E-UTRAN are summarized respectively in the two tables below: 
Table H-1: PDCCH and PHICH
	Event
	Target quality

	DL scheduling information miss detection
	(10-2)

	UL scheduling grant miss detection
	(10-2)

	NACK to ACK error (for UL-SCH)
	(10-4 – 10-3)

	ACK to NACK error (for UL-SCH)
	(10-4 – 10-3)


Table H-2: PUCCH
	Event
	Target quality

	ACK miss detection (for DL-SCH)
	(10-2)

	DTX to ACK error (for DL-SCH)
	(10-2 – 10-1)

	NACK to ACK error (for DL-SCH)
	(10-4 – 10-3)

	CQI block error rate
	FFS (10-2 – 10-1)
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