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1
Introduction

To date most of the discussion regarding control signalling has been limited to RAN WG1. In the last Athens meeting there was some spirited debate as to the role of non-scheduled grants in LTE. This contribution addresses the larger issue of what all needs to be transported and how these transfers can be scheduled. 
2
Control Signalling

With the shared channel being the only means of data transport over the radio interface, an efficient and reliable means of signalling scheduling control needs to be defined. To ensure a robust and efficient scheme we need to address the following aspects:

1. How many UEs can be scheduled with a high degree of reliability?

2. Where is the control signalling mapped to?

3. What is sent in the control signalling?

The above are all pertinent to scheduling of data transmissions. However, there is significant amount of other information that needs to be transferred as well over the radio interface. In addition, of particular interest to RAN2 are the following issues:

1. Where are signalling bearers mapped to? And thereby how can the UE or NW rapidly transmit L2/L3 control information? Does every L2/L3 signalling transmission need to be scheduled? How is reliability ensured?
2. Does every data transmission need to be scheduled? For e.g. TCP ACK.
Some of the latter issues have been topics of much debate during the HSPA definition phases. 
2.1
Control signalling for Data

RAN WG1 has started studying the various options for control signalling with the focus being on the issues of what needs to be signalled and how. For the latter, there are multiple options being considered:
1. Separate coding:  With separate coding, control fields for each scheduled UE are encoded separately. 

2. Joint coding: With joint coding, control fields from multiple UE scheduled in one sub-frame are encoded together.   Note that the encoding may be done jointly for all UEs or for each group of UEs (i.e. multiple jointly encoded regions)

There are two further options in terms of location of control signalling that are being studied:

1. TDM: the control region is limited to the first one or two symbols of the sub frame 

2. FDM: the control region extends across the sub frame and aims to exploit the channel condition of the UE

The number of UEs that can be addressed and thus the size of the control region would need to scale with bandwidth. 
The information that needs to be transmitted as part of the scheduling control signalling includes the following:

1. Downlink RB allocation map and modulation/coding rate
2. Uplink RB allocation map and modulation/coding rate

3. ACK/NACK resources for DL and UL transmissions

4. Antenna information, MIMO information

5. HARQ related information

These aspects are being currently studied in RAN WG1 and will need to be also studied by RAN WG2 especially in the context of defining the HARQ Protocol and resource allocation. 
2.2
L2/L3 signalling transport, application layer support and small packet transmission

In addition to the scheduling control signalling for data transmissions, it is worthwhile to simultaneously consider what else needs to be transferred over the radio interface. In particular, it is useful to address the following:

1. Transport of small packets (voice, gaming, etc.) 

2. MAC control signalling

3. Support for RRC signalling – especially measurement reports in the uplink

4.  Support for NAS signalling – LA updates, etc.
5. Application related signaling : e.f. speech onset indication, TCP ACK/NACK transfer

It is important to ensure that the above set of signalling/data transmissions are transmitted in a very efficient manner. In particular the size of control signalling required should be commensurate with the payload being transmitted. There are two further aspects that need to be considered:

1. In some cases, the network may not have the latest CQI information for the UE;

2. The size of the payloads involved varies significantly with some of the payloads being very small and of the order of the control signalling information, if the current control signalling structure is assumed, or even smaller.
Table 1 identifies the different signalling/packet transmissions that need to be supported over the radio interface. It also identifies the potential need or desire to schedule the transmission and the applicability of HARQ. The column “can be scheduled” provides comments on the desirability of scheduling the information being sent using the control channel structure being currently defined.
Table 1: Control signalling Information to be supported in DL and UL 

	Direction
	Parameter/Message
	Typical Size (bits)
	Can be scheduled?
	Applicability of HARQ

	Downlink
	AICH information
	4 + X (Timing Advance) + C-RNTI (FFS)
	No; linked to RACH channel timing; UE checks DL frame following defined time interval.
	No

	
	Timing Adjustment for LTE_ACTIVE (synch not maintained)
	X
	No; but linked to RACH channel timing
	No

	
	Timing Adjustment for LTE_ACTIVE (synch maintained)
	1 (essentially a +/- indication)
	No; linked to RACH channel timing; UE checks DL frame following defined time interval.
	No 

	
	DL TCP ACKs
	~ 6 bytes incl. UE id and CRC
	Yes but scheduling not necessary; can be sent on common DL channel.
	Yes possible.

	
	L2 control messaging (e.g. enter DRX)
	9/12 (UEID) + Y (TBD)

Y denotes size of LE control message
	Yes but scheduling not necessary; can be sent on common DL channel.
	No (FFS) – depends on definition/scope of control messages

	
	RRC messaging
	TBD (hopefully not very big)
	Yes. 
	Yes

	
	NAS signalling
	TBD (typically big)
	Yes, NAS timers comparatively long compared to expected delay for scheduling of high priority
	Yes

	Uplink
	Measurement Reports (special case of RRC signalling)
	TBD
	Yes; possible to use specific random access procedure for UL resource request
	Yes

	
	RRC signalling
	TBD (hopefully not big)
	Yes; Possible to use non-synch or synch RACH access to request UL resource
	Yes

	
	L2 control signalling
	TBD
	FFS
	No (FFS) – depends on definition/scope of control messages

	
	NAS signalling
	TBD (but long)
	Yes, as high priority
	Yes

	
	Application specific signalling (e.g. Speech Onset indication)
	short id (need not be 16 bit long) + cause (can be implicit depending on definition)
	Possible to use synchronized random access procedure
	No

	
	TCP ACKs
	~ 6 bytes incl. UE id and CRC
	Possible to pre-configure common UL channel
	Yes


From the table above it can be seen that other than RRC and NAS signalling, it is not efficient to schedule most of the other messages. Typically in these cases, either the procedure can be used to implicitly define frames where the message can be found as in the case of the AICH or the message is too small to justify using the control channel structure to address the UE. 

The primary goal of control signalling should be to minimize the overhead required fro transfer of the control messages. It would be inefficient if the regular control channel structure was used for scheduling the transmission of a TCP ACK of ~6 bytes, in which case an almost equal amount of control signalling (9/1216 bit UE identity, resource allocation, etc.) would be needed.  
2.2.1
L1 Procedure related signalling

AICH related Information: There has not been much discussion as to the resource mapping of the AICH channel and it’s scope. The AICH is used to indicate to the UE to transmit the message part of the random access procedure. This applies only to the case of the non-synchronized RACH procedure since in the synchronized procedure the UE is expected to use a C-RNTI or similar and the network can address the UE using this identity in the downlink response message. In case of LTE_IDLE UEs, the UE has no context and hence the only identity that applies is the IMSI or similar; in LTE_ACTIVE the UE is identified by a 9/12 bit UE-id. However, in contrast to regular data transmission scheduling, in the case of the RACH procedure the UE can be addressed by merely echoing the signature used in the access procedure. It might be necessary to accommodate the timing adjustment information for multiple UEs that have successfully accessed using different signatures. One potential mapping of such a control channel is the payload region (symbols 3-7) using a predefined time-offset based allocation of resources linked to the RACH procedure in the uplink.

Timing Adjustment (synch maintained case): A UE in LTE_ACTIVE state can use the synchronized random access procedure to acquire updated timing adjustment information if it has periodically probed the network to maintain timing synchronization. Depending on the error to be tolerated and the frequency of timing adjustment, it is sufficient to indicate the amount of timing adjustment using 1 bit (indicating +/-).  The location of this timing information needs to be aligned with the synchronized random access procedure occasions. Ideally this needs to be reliably received by the UE, lest the UE cause interference in subsequent synchronized RACH accesses – however, the cost of reliably transmitting this information might be too high.

2.2.2
L2/L3 signalling transport

In the case of RRC signaling, especially in case of messaging not related to measurement reports, and NAS signaling, while the size of the messages has not yet determined, it might be sufficient to treat them as normal data transmissions from a scheduling perspective. This is all the more the case when supporting piggy back transmission of messages. 
Downlink RRC signaling: With 12 resource blocks per sub-frame as currently defined for 5 MHz, any signalling requiring 2-3 or more resource blocks is best served by using the normal control region. This information needs to be reliably transmitted and would require use of HARQ retransmissions. Since this is network initiated the scheduler can assign resources for transmitting the L3 signaling message. Depending on how the L3 signaling is defined, the UE may be required to respond with a message in the uplink. Assuming a specified maximum processing delay, the scheduler can assign resources for the uplink response message without requiring the UE to transmit a scheduling request. UE will be required to monitor the control region for resource allocation with a predefined time offset following successful reception of the DL L3 message. 
Handover signalling: Given the channel conditions that would normally trigger a HO, more than a small chunk of resource may need to be allocated in order to reliably send a HO message to a UE (it is assumed that at the minimum, the HO message would include the C-RNTI in the target cell and the target cell identity). Hence, in this case normal resource allocation using the control region is considered reasonable. This information also needs to be signalled reliably thus requiring use of HARQ retransmissions.
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Figure 1: Control Signalling Mapping in DL
Figure 1 illustrates the overall overhead and potential channel mappings to support various control signaling messages in the downlink. Note that a TDM structure for the control channel is assumed and indicated by the red region in each sub-frame (which also includes the pilot signals) – this being used to assign uplink and downlink resources to UEs. However, similar considerations would apply for FDM control channel structures.
Uplink RRC UE Initiated signaling: This case is not so straightforward but very critical. For example, reliable and prompt transfer of measurement reports is required to ensure robust layer connectivity. A few options should be considered.

One option is to allow the UE to signal a request for resources in the uplink through the non-synchronized/synchronized random access procedure, subsequent to which the UE can be assigned resources. With the smaller frame size in LTE, it is possible to extend this mechanism even for measurement reporting. The additional delay due to the random access procedure can be handled through modification of the reporting thresholds for example. 
Another approach that would apply in the case of periodic reporting, is for the UE to be pre-assigned resources for transmitting these messages. The allocations are for the duration (i.e. sub-frame) specified only unlike the non-scheduled transmissions in HSUPA. 
Yet another option is to predefine a common resource in the uplink whose use is controlled through the random access procedure – a specific preamble being sent to request use of this common resource for specific purposes only. E.g. event triggered measurement reports.
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Figure 2: Control signalling Mapping in UL
MAC control signaling: the full scope of MAC control signaling has not been defined yet. However, possibilities include CQI scheduling, etc. These are expected to be small sized packets. It is efficient to define a common resource in the downlink that every UE in the LTE_ACTIVE state monitors to receive such messages. There is no associated scheduling control signaling. One advantage of this approach is that the control region is kept free from the inefficiency of using it for scheduling small sized packets. Scheduler complexity to handle HARQ is reduced. If not used, the resources can be assigned for regular data transmissions. Whether the common resource is of a fixed size or whether it is of variable length with the length being defined in the first part of the resource or similar such construction needs further investigation. In the uplink, the use of MAC control signaling is not clear.
Figure 2 illustrates the overall overhead and potential channel mappings to support various control signaling messages in the uplink. The red regions represent the uplink pilot signals.

2.2.3
Small Data Packet Transmission

Given the high capacity of the LTE channel it is useful to be able to schedule a large number of users without incurring a big hit on control signaling. This would greatly benefit the capacity that can be obtained for voice and data services like gaming – both current and potential future high revenue earners for operators. In prior meetings, contributions have proposed the use of grouping or persistent scheduling for voice.

In grouping, a certain number of users are grouped together – the grouping criterion could be based on channel conditions etc. – and are pre-assigned a particular time-frequency resource. The set of users in the group that can be scheduled at a given instant over the pre-assigned time-frequency resource is a subset of the actual group. Scheduling is then enabled through a bitmap that identifies the UE scheduled through its unique identity in the group – the identity the UE is assigned within the group is a short ID – much shorter than the 9, 12 or 16 bit UE identity assigned for identification in the cell. The identity is then simply a position in a bitmap of fixed length. Thus there is a pre-assignment of a radio resource to the group pf UEs, with the use/allocation of the resource at a given instant being signaled to the UE through a very efficient signaling mechanism. By sizing the group to be larger than the population of UEs that can be simultaneously scheduled, it is possible to exploit characteristics of the application, such as voice activity factor. Assignment of resources is therefore a two step procedure – an initial procedure that includes pre-assignment of time-frequency resource, followed by fast on/off control. 
Another approach is to define a common resource that is used by a group of users or all users in the cell, to receive small packets such as TCP ACKs, etc. in the downlink. As in the case of L2 control signaling the size of this common resource can be fixed or variable. In the uplink, a common resource can be defined for the transmission of small packets such as TCP ACKs with access to the resource being controlled through the random access procedure. This is possible since the system capacity for transmitting IP packets in either direction is finite and hence appropriate resources can be allocated for this purpose in a reasonably deterministic fashion.
2.2.4
Application specific signaling

One example of this is the Speech Onset indication for voice services. This is very closely linked to the particular speech codec in use. In case of AMR, at any time during DTX the UE may require resources to be assigned to it for speech transfer. It is necessary to carry this indication with high reliability and promptly. Since the UE is likely to maintain uplink synchronization during the short bursts of DTX, it is possible to make use of the synchronized random access procedure to request uplink resources. Also by grouping users it is possible to pre-assign a resource shared by the group of users in that sub-frame and use signatures to identify users of the group, with the shared resource being used to request UL resource due to resumption of speech activity.
3
Summary
The current work ongoing to establish the various options for resource allocation control signalling can be applied to large part of other signalling that is involved – including RRC signalling, NAS signalling, etc. However, there is a considerable amount of small “packet” transfer, e.g. TCP ACKs, speech onset, Timing advance, AICH information, etc. that needs to be efficiently transmitted. 

This contribution has highlighted various options for scheduling and transferring these messages. These fall into the following categories:

1. Regular control channel signalling in case of large messages. E.g. RRC and NAS signalling. 

2. Pre-assigned resource allocation for periodic RRC messaging. E.g. periodic measurements reports.

3. Time offset resource reservation for physical layer based procedures. E.g. AICH channel resource reservation in case of RACH.

4. Common channel resource reservation. E.g. TCP ACKs in DL, L2 control signalling. Possibility to se HARQ.

5. Group based resource reservation in UL based on synchronized RACH. E.g. for Speech onset indications in UL. No HARQ support.

6.  Resource allocation based on UL RACH scheduling request procedure – this is expected to be applicable to a large number of UL messages (NAS signalling, RRC signalling, etc.) This contribution has highlighted some potential options summarized in Table 2 below.

7. Procedure based resource reservation. E.g. RRC response messages, NAS response messages.

It is proposed that these options be considered while designing the overall channel structure, frame formats and control signalling definition for E-UTRA. 
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