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1.
Introduction
For traffic or control information over dedicated logical channel, padding is performed in MAC entity. And multiplexing performed in MAC layer requires logical channel identifier in the MAC header. But, it is not clear whether same approach can be applied for the messages over common control channel. In this document, we discuss this issue. 
2.
Discussion
2.1 Multiplexing
Following figure 1 is copied from TS 36.321. 
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Fig. 1 Downlink channel mapping
First of all, there is one-to-one mapping between PCH and PCCH and the transmission of PCH is indicated by specific RNTI over PDCCH, which is PI-RNTI. This means that, when MAC PDU is received over radio resources indicated by PI-RNTI, the UE MAC layer knows already to which logical channel the data should be forwarded. Therefore, there is no need to include logical channel identifier into the header of MAC PDU. Same thing can be said to the data received over BCH. 

Secondly, though there is no one-to-one mapping between DL-SCH and BCCH, the transmission of BCCH data may be indicated over PDCCH by BCCH specific RNTI. If this is the case, there is also one-to-one mapping between DL-SCH and BCCH when BCCH specific RNTI is used. Accordingly, logical channel identifier for BCCH is not needed in the MAC PDU.
The benefit when logical channel identifier for BCCH/PCCH is not included in the MAC PDU is two-fold. First is that overhead is reduced and more RRC information can be included in the MAC PDU. Second is that because there is no other case where logical channel identifier is need for BCCH/PCCH, the code point of LCID field can be saved for other purpose.
Conclusion:
LCID for BCCH/PCCH is not defined. LCID for BCCH/PCCH is not included in MAC PDU.

2.2 PDCP
Two main functions of PDCP layer are security and header compression. But, because PCCH, BCCH and CCCH are common channels, it is hard to apply header compression or ciphering/integrity to these channels. Additionally, there is no need for reordering due to use of TM RLC. Therefore, PDCP layer does nothing to the data over PCCH/BCCH. There are two options for this.

· Option 1: PDCP is not applicable to PCCH/BCCH/CCCH. I.e., PCCH/BCCH/CCCH directly connects RRC and RLC. 

· Option 2: PDCP is also applicable to PCCH/BCCH/CCCH. In this case, transparent mode PDCP is defined and used.
These options are virtually same because there is no impact on the data. But in terms of specification point of view, option 1 seems more simple and straightforward. Thus, it is proposed to follow option 1.
Conclusion:

PDCP is not applicable for PCCH/BCCH/CCCH.
2.3 PADDING
For system information messages, it was agreed that segmentation function and concatenation function are not applied. In fact, because PCCH/BCCH/CCCH message is transported over TM RLC, one RRC message is mapped to one transport block. As discussed in section 2.1., multiplexing is not applied over MAC for PCCH/BCCH. Then, the only left issue is how to handle the case when the RRC message does not exactly fit into transport block.
For this padding issue, two possibilities are foreseen for the RRC messages over common channels:

Option 1: Padding is done in MAC

Because padding is done in MAC layer for dedicated control message or data, padding is also can be done at MAC level for BCCH/PCCH. This can be considered as a consistent approach. In this option, at least one-bit indicator in MAC PDU header is needed to tell whether there is padding bits or not in the MAC PDU. But from the conclusion of section 2.1, there is no other field required in MAC PDU header. Considering the fact that MAC header requires byte-alignment, at least one-byte has to always be used in MAC PDU for BCCH/PCCH. This is overhead.
Option 2: Padding is done in RRC

This is somewhat similar approach taken in UMTS for common channel message such as PAGING TYPE 1 MESSAGE or SYSTEM INFORMATION BLOCKs. In this option, RRC layer composes a RRC message and includes into a RLC SDU which is same size as transport block. When the RRC message does not fit into RLC SDU, RRC layer itself includes some padding bits into the RLC SDU. In this approach, entire bits of a transport block are used for RRC and there are no added overhead at MAC or RLC layer. Detail of the case in UMTS is attached in the ANNEX B.

Though RRC has one more function of padding in option 2, the overhead is minimal. Accordingly, option 2 seems preferable.
Conclusion:

Padding for PCCH/BCCH/CCCH message is done at RRC level.

There is no MAC header included for the transfer of messages of PCCH/BCCH/CCCH.
3.
Conclusion
It is proposed to agree on the conclusion in each section above. 
Text proposal is included in the annex A.
4.
ANNEX A
****************************************Text proposal to 36.321****************************************
6.1.2
MAC PDU (DL-SCH and UL-SCH, except BCCH)

A MAC PDU consists of a MAC header, zero or more MAC Service Data Units (MAC SDU), zero, or more MAC Control elements, and optionally padding; as described in figure 6.1.2-3. 

Both the MAC header and the MAC SDUs are of variable sizes.
A MAC PDU header consists of one or more MAC PDU sub-headers; each sub-header corresponding to either a MAC SDU, a MAC Control element or padding. 

A MAC PDU sub-header corresponding to a MAC SDU consists of the six header fields LCID/E/R/R/F/L (as described in figure 6.1.2-1) but for the last sub-header in the MAC PDU which consists solely of the four header fields LCID/E/R/R (as described in figure 6.1.2-2).

A MAC PDU sub-header corresponding to a MAC Control element consists of the six header fields LCID/E/R/R/F/L but for the last sub-header in the MAC PDU and for fixed sized MAC Control elements which consist solely of the four header fields LCID/E/R/R.
A MAC PDU sub-header corresponding to padding consists of the four header fields LCID/E/R/R.
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Figure 6.1.2-1: LCID/E/R/R/F/L MAC sub-header
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Figure 6.1.2-2: LCID/E/R/R MAC sub-header

MAC PDU sub-headers have the same order as the corresponding MAC SDUs, MAC Control elements and padding.
MAC Control elements are always placed before any MAC SDU and padding occurs at the end of the MAC PDU.

A maximum of one MAC PDU can be transmitted per TB per UE. [Depending on the physical layer category], one or two TBs can be transmitted per TTI per UE.
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Figure 6.1.2-3: MAC PDU consisting of MAC header, MAC Control elements, MAC SDUs and padding
6.1.X
MAC PDU (BCH and PCH)

A MAC PDU consists of only one MAC Service Data Units (MAC SDU). This MAC PDU is used when it is transported over BCH or PCH.
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Figure 6.1.X: MAC PDU over BCH and PCH
6.1.Y
MAC PDU (DL-SCH and BCCH)

A MAC PDU consists of only one MAC Service Data Units (MAC SDU). This MAC PDU is used when it is transported over DL-SCH for BCCH.
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Figure 6.1.X: MAC PDU for BCCH over DL-SCH
****************************************Text proposal to 36.323****************************************

4.2
PDCP architecture

4.2.1
PDCP Structure

Figure 4.2.1.1 represents one possible structure for the PDCP sublayer; it should not restrict implementation. The figure is based on the radio interface protocol architecture defined in [2].
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Figure 4.2.1.1 - PDCP Layer, Structure View

Every EPS bearer is associated with one RB, which in turn is associated with one PDCP entity.

Each PDCP entity is associated with one or two (one for each direction) RLC entities depending on the RB characteristic (i.e.uni-directional or bi-directional) and RLC mode. The PDCP entities are located in the PDCP sublayer.

The PDCP sublayer is configured by upper layers [3].
PDCP is not applicable to PCCH/BCCH/CCCH.
4.2.2
PDCP Entities

The PDCP entities are located in the PDCP sublayer. Several PDCP entities may be defined for a UE. Each PDCP entity carrying user plane data may be configured to use header compression.

Each PDCP entity is carrying the data of one radio bearer. In this version of the specification, only the robust header compression protocol (RoHC), is supported. Every PDCP entity uses at most one RoHC instance.

A PDCP Entity is either associated to the c-plane or the u-plane depending on which radio bearer they are carrying data from. A PDCP Entity is not applicable for data of BCCH/PCCH/CCCH.
Figure 4.2.2.1 represents the functional view of the PDCP entity for the PDCP sublayer; it should not restrict implementation. The figure is based on the radio interface protocol architecture defined in [2].
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Figure 4.2.2.1 - PDCP Layer, Functional View
****************************************Text proposal to 36.331****************************************

6.2.5
PAGING

Notification of one or more UEs


Signalling radio bearer: N/A


RLC-SAP: TM


Logical channel: PCCH


Direction: E-UTRAN -> UE

	Name
	Need
	Multi
	Type/ reference
	Semantics description
	Ver

	Message Type
	MP
	
	<ref>
	
	

	Paging records
	OP
	
	<ref>
	
	

	BCCH modification info
	OP
	
	Enumerated (True)
	Included in case of a BCCH modification
	


If the encoded message does not fill a transport block, the RRC layer shall insert padding. Detail is FFS
Editors note
The following Paging DRX values have been agreed: 320, 640, 1280, 2560. It is FFS if other values may be signalled. It is also FFS if UE specific DRX value is needed. It is assumed the DRX value NAS information, transparent to RRC (to be confirmed)

4.
ANNEX B
Following is copied from TS25.331.
****************************************First copied section****************************************

10.2.20
PAGING TYPE 1

This message is used to send information on the paging channel. One or several UEs, in idle or connected mode, can be paged in one message, which also can contain other information.


RLC-SAP: TM


Logical channel: PCCH


Direction: UTRAN ( UE

	Information Element/Group name
	Need
	Multi
	Type and reference
	Semantics description

	Message Type
	MP
	
	Message Type
	

	UE Information elements
	
	
	
	

	Paging record list
	OP
	1 to <maxPage1>
	
	

	>Paging record
	MP
	
	Paging record 10.3.3.23
	

	Other information elements
	
	
	
	

	BCCH modification info
	OP
	
	BCCH modification info 10.3.8.1
	


If the encoded message does not fill a transport block, the RRC layer shall add padding according to subclause 12.1.
****************************************Second copied section ****************************************

12
Message transfer syntax

Transfer syntax for RRC PDUs is derived from their ASN.1 definitions by use of Packed Encoding Rules, unaligned as specified in X.691 [49], and with adapted final padding. If special encoding is used, it is indicated in the ECN module defined for each ASN.1 module. The use of special encoding is defined in [14].

The following encoding rules apply in addition to what has been specified in X.691 [49]:

-
When a bit string value is placed in a bit-field as specified in 15.6 to 15.11 in [11], the leading bit of the bit string value shall be placed in the leading bit of the bit-field, and the trailing bit of the bit string value shall be placed in the trailing bit of the bit-field.
NOTE:
The terms "leading bit" and "trailing bit" are defined in ITU-T Rec. X.680 | ISO/IEC 8824-1. When using the "bstring" notation, the leading bit of the bit string value is on the left, and the trailing bit of the bit string value is on the right.
12.1
Structure of encoded RRC messages

An RRC PDU, which is the bit string that is exchanged between peer entities/ across the radio interface, is the concatenation of a basic production, an extension and padding, in that order.

RRC PDUs shall be mapped to and from RLC SDUs upon transmission and reception as follows:

-
when delivering an RRC PDU as an RLC SDU to the RLC layer for transmission, the first bit of the RRC PDU shall be represented as the first bit in the RLC SDU and onwards; and

-
upon reception of an RLC SDU from the RLC layer, the first bit of the RLC SDU shall represent the first bit of the RRC PDU and onwards.

12.1.1
Basic production

The 'basic production' is obtained by applying UNALIGNED PER to the abstract syntax value (the ASN.1 description) as specified in X.691, except for the 0 to 7 bits added at the end to produce a multiple of 8 bits. The basic production can have any positive number of bits, not necessarily a multiple of 8 bits.

12.1.2
Extension

Emitters compliant with this version of the specification of the protocol shall, unless indicated otherwise on a PDU type basis, set the extension part empty. Emitters compliant with a later version might send non-empty extensions.

12.1.3
Padding
Emitters compliant with this version of the specification of the protocol shall, unless indicated otherwise on a PDU type basis, pad the basic production with the smallest number of bits required to meet the size constraints of the lower layers. Padding bits shall be set to 0.

Receivers compliant with this version of the specification have no need to distinguish the extension and padding parts, and shall, unless indicated otherwise on a PDU type basis, accept RRC PDUs with any bit string in the extension and padding parts.
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Figure 12.1.3-1: Padding
When using AM or UM mode, RLC requires that the RRC PDU length is a multiple of 8 bits.

When using Tr mode, RLC does neither impose size requirements nor perform padding. This implies that RRC has to take into account the transport format set defined for the transport channel across which the message is to be sent. RRC shall add the lowest number of padding bits required to fit the size specified for the selected transport format.

For system information blocks, building the PDU involves two steps. The first step is the building of the System Information Blocks, in which step padding is not applied (the rules for extension apply). The second step is the building of the RRC PDUs, involving segmentation and concatenation of System Information Blocks, and then padding as described above for Tr mode. The procedure is shown by means of an example as described in Figure 12.1.3-2. The example includes two System Information Blocks, SIBn and SIBn+1, of which only SIBn includes a protocol extension. The two System Information Blocks used in the example do not require segmentation and are concatenated into one SYSTEM INFORMATION message.
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Figure 12.1.3-2: Padding for System Information
PCI: Protocol control information at SYSTEM INFORMATION message level

SI: SYSTEM INFORMATION message

For system information blocks, RRC may also add padding information at the end of IE "SIB data fixed", used both within IE "Last segment" and IE "Complete SIB". The IE "SIB data fixed" has a fixed length i.e. no length denominator used. In case the remaining amount of "SIB data" information is insufficient to fill the IE completely, RRC includes padding bits.

Since no length denominator is included, the receiving RRC cannot remove the padding added by the sender. However, since the padding used is the same as the padding added by the PER encoder to achieve octet alignment, the receiver can handle it.

NOTE 1
The mechanism described above implies that the PDU provided to the ASN.1 decoder may have more than 7 padding bits included. For a complete System Information Block of length 215 bits, 11 padding bits are added by RRC. Since the decoder requires an octet aligned input, 6 additional bits need to be added. In this (worst) case, a total of 17 padding bits is included.

NOTE 2
For the above cases, use of padding bits is possible and more efficient than including a length denominator.

When using the RRC padding described above, the segment has a fixed length, which completely fills the transport block. Therefore, in this case no RRC padding is added within the SYSTEM INFORMATION message. This is illustrated by means of the following figure.
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Figure 12.1.3-3: No RRC padding for System Information
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