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1
Introduction

2
Control Signalling
To date most of the discussion on downlink control signalling has focused on the signalling for scheduling of data packets. The discussion has focused on two aspects – whether to support separate coding or joint coding of the control signalling; and whether to support a TDM or FDM mechanism for transmission of the control signalling. In the uplink the discussion has focused on CQI reporting and HARQ ACK/NACK transmissions.
However, there are considerable other issues that need to be taken into account to ensure that we have a robust and efficient control channel structure. These include:

1. System Broadcast – this has been briefly discussed in the joint meeting in Athens – current proposal is to map this to the first sub-frame of the 10 ms radio frame.

2. Paging – this has been briefly discussed in the joint meeting in Athens – it is proposed to use normal control signalling to page a UE. A paging indication specific UE Identity can be defined and this will be used in the control region to signal to a group of UEs that they are required to read the specified resource for the paging message. Sub-frames carrying paging can be identified through system broadcast.  
3. In the downlink, means for supporting the following are needed:

· Access indication channel to support the random access procedure

· In addition to echoing the signature, timing adjustment information would also be needed
· Timing advance for periodic TA updates
· A 1 bit indication is adequate for UEs that maintain timing synchronization in LTE_ACTIVE state
· Transmission of upper layer TCP ACKs especially when there is no data to piggy back on.

· L2 control (MAC) messaging such as “enter DRX” (or enter sleep mode), DL CQI mapping command, scheduling of UL CQI measurement report, etc.  

· Upper layer control messaging (RRC and NAS signalling)

4. In the uplink, means for supporting the following are needed:

· Measurement reports (and other RRC signalling)

· Application specific signalling such as Speech onset indication

· NAS signalling

· L2 control (MAC) signalling

· Transmission of TCP ACKs (especially when there is no other data to piggy back on)

It is important to ensure that the above set of signalling/data transmissions are transmitted in a very efficient manner. 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.
3
Discussion

Table 1 identifies the different signalling/packet transmissions that need to be supported over the radio interface. It further addresses the need to schedule the transmission and the need for reliable transfer.
Table 1: Control signalling Information to be supported in DL and UL 

	Direction
	Parameter/Message
	Size (bits)
	Need to schedule?
	Need for reliability (need for HARQ)

	Downlink
	AICH information
	4 + X (TA)
	No; linked to RACH channel timing
	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 (+/-)
	No; linked to RACH channel timing
	No 

	
	DL TCP ACKs
	~ 6 bytes incl. UE id and CRC
	Not necessarily; can be sent on common DL channel (see below)
	Yes

	
	L2 control messaging (e.g. enter DRX)
	12/16(UE id) + Y (TBD)
	Not necessarily; can be sent on common DL channel (see below)
	No (FFS) – depends on definition/scope of control messages

	
	RRC messaging
	TBD (but long)
	Depends; HO message needs to be sent immediately
	Yes

	
	NAS signalling
	TBD (but long)
	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 random access procedure for UL resource request
	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
	Desirable

	
	RRC signalling
	TBD (but long)
	Yes, Possible to use non-synch or synch access to request UL resource
	Yes

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

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

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


The primary goal of control signalling should be to minimize the overhead – in particular, for transmitting a TCP ACK of ~6 bytes requires an almost equal amount of control signalling (16 bit UE identity, resource allocation, etc.).  Similarly to indicate speech onset indication in the uplink requires 1 bit of payload + 12/16 bit UE id but significantly more amount of control signalling.

3.1 Downlink signalling considerations

1. AICH related Information: There has not been much discussion as to the mapping of the AICH channel. The AICH would be needed in order to indicate to the UE to transmit the message part of the random access procedure. 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 12 or 16 bit UE-id. However, in contrast to regular data transmission scheduling, here the UE can be addressed by merely echoing the signature used in the access procedure. (Note: how collisions are addressed is a separate issue). With 16 signatures it is possible to simply transmit the AICH as a 16 bit field in the control region; however, we also need to accommodate the timing adjustment information for each of the possible 16 successful attempts. This is best accommodated in the payload region (symbols 3-7).

2. Timing Adjustment (synch maintain case): Here, a UE in LTE_ACTIVE state uses the synchronized random access procedure to acquire updated timing adjustment information. 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 (+/-).  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.
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Figure 1: Control signalling overhead in DL
3. DL TCP ACKs: Currently, two approaches are being considered for control signalling of resource allocations – joint coding and separate coding. In either case, with the very small payload size involved (~ 6 bytes), use of the control region to signal resource allocation would take up an incommensurate portion of the control region. One possibility is to jointly code TCP ACKs from many users and transmit them as one packet. UEs are assigned a group identity and the resource allocation for a “common resource/channel” carrying the TCP ACKs. UEs would then read the common resource/channel at pre-configured periodic intervals and decode the data to check if any packets have been sent to them. This can also be applied if the packets are independently coded. If the mapping of the resource is explicitly pre-assigned to a group of mobiles, the use of the group identity in the control region is not needed. A distributed allocation may be necessary to deal with the general case where the channel condition of the UE is not known. Note that this approach is very similar to the FACH/S-CCPCH channel in Rel-6.

4. HO signalling: Given the channel conditions that would normally trigger a HO, more than a small chunk of resource would need to be allocated in order to reliably send a HO message to a UE (it is assumed that 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.

5. RRC and NAS signalling: With 12 resource blocks per sub-frame, any signalling requiring 2-3 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.

6. MAC signalling: The various possibilities for MAC signalling have not been identified; however, messages signalling transition to DRX and similar such control messages would require only a fraction of a resource block. One option is to provide a distributed allocation which does allow for a fraction of a resource block to be assigned, but signalling this through the control region would require use of an incommensurate fraction of the control region considering the payload size. Instead use can be made of a common resource/channel that all UEs or a group of UEs read and check periodically if there is information for them.

3.2
Uplink Signalling Considerations:

1. Measurement reports: From a system performance standpoint, reliable and prompt transfer of this information is required to ensure no loss of connectivity. With periodic measurement reports, the UE can be assigned resource up front. However, in the absence of any event based reporting, the frequency of reports would need to be rather frequent, requiring the setting aside of significant portion of the uplink. For event based reporting, with the smaller frame sizes involved, it is possible to make use of a random access procedure to request resource allocation for transmitting the measurement report. It needs to be studied how much resource would need to be set aside for synchronized/non-synchronized random access in this case.
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Figure 2: Control signalling overhead in UL

2. Application specific signalling (Speech Onset indication): 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. However, by grouping users together 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
3. TCP ACKs: Simulations indicate that the maximum supportable payload for the random access procedure is very small – at most 24 bits. Hence it is not possible to use the random access procedure to transfer small packets such as compressed TCP ACKs. It is possible however to define a common UL channel that is shared by all UEs for transfer of small packets. Since in particular the number of TCP/IP packets that can be transferred in a given time interval in a cell is finite, it is possible to define a shared common resource that is used by all UEs receiving TCP/IP traffic. Use of this resource can be requested by the UE through synchronized random access using a special signature or through piggy back means.
4. RRC and NAS signalling: Since these packets are considerably large in size, it is preferable to use the normal scheduling request procedure through the synchronized/non-synchronized random access procedure or through piggy back means.

4.
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 some potential options summarized in Table 2 below.
Table 2: Summary of potential mapping of control signalling

	Direction
	Message
	Mapped to
	Reliability support (HARQ)

	DL
	AICH +TA
	Payload  Region (symbol 3-7)
	No

	
	TA
	Payload  Region (symbol 3-7)
	No

	
	RRC signalling
	Payload Region sent as normal data
	Yes

	
	NAS signalling
	Payload region sent as normal data
	Yes

	
	MAC signalling
	Payload region using common resource/channel (maybe as distributed allocation)
	No (FFS)

	
	TCP ACKs
	Common resource/channel in payload region
	Possible

	Uplink
	High priority RRC signalling (Measurement reports)
	Use synchronized random access for requesting UL resource for event based reporting; pre-assigned common resource for periodic reporting
	Yes for event based; periodic (FFS)

	
	RRC signalling
	Possible to pre-assign resource in case of transmission of response to DL signalling; use synchronized random access procedure for requesting UL resource for UE initiated signalling.
	Yes

	
	NAS signalling
	Possible to pre-assign resource in case of transmission of response to DL signalling; use synchronized random access procedure for requesting UL resource for UE initiated signalling.
	Yes

	
	Application specific signalling (speech onset indication)
	Use pre-assigned resource shared by pool of users per sub-frame 
	No (periodic opportunities provided)

	
	TCP ACKs
	Common resource in payload region using synch. random access
	Yes
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