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1.
Introduction

With various improvement in  HSPA evolution, downlink data rate will be increased significantly. However, fixed RLC PDU size which is used in current Rel 7 limits RLC peak data rate quite much. In 3GPP RAN 34 Plenary, the work item for Improved L2 support in Rel-7 for high data rates has been approved [1]. According to [1], flexible RLC PDU size shall be supported and meanwhile smooth transition between old and new protocol formats shall be achieved. During RAN2#56bis, the specifications affected by the Improved L2 Support for High Data Rates work item have been identified and an agreement of main changes has been made [2]. Furthermore, it has been decided to map paging messages to HS-DSCH in RAN2#57. And RAN2 has a LS to RAN3 to require the support of mapping paging messages to HS-DSCH [9].
This contribution focuses on the support for flexible RLC PDU size on HS-DSCH frame protocol in CELL_DCH state, CELL_FACH state and CELL_PCH state, and corresponding signalling support over Iub/Iur. 
Definition:

Flexible MAC-d PDU size: refers to the new (Rel-7) data frame structure for HS-DSCH Channels over Iub and Iur (HS-DSCH Frame Protocol Type 2 consisting of DATA FRAME Type 2 and HS-DSCH CAPACITY ALLOCATION Type 2 Control Frame, as defined in the corresponding CRs [5], [6]). The new frame structure allows flexible MAC-d PDU sizes in the frame. When this data frame structure is used the RLC/MAC-hs format over Uu is always "flexible RLC" as defined by RAN2. There is a one-to-one relationship between "flexible RLC" and Flexible MAC-d PDU size on Iub/Iur: if "flexible RLC" is used for a RB Flexible MAC-d PDU size has to be used over Iub and Iur for the corresponding RL.
Indexed MAC-d PDU size: refers to the old (pre Rel-7) data frame structure for HS-DSCH Channels over Iub and Iur (HS-DSCH DATA FRAME and HS-DSCH CAPACITY ALLOCATION Control Frame defined in 25.435, 25.425). This format defines one MAC-d PDU size for all MAC-d PDUs in the  frame. When this data frame structure is used the old (pre rel-7) RLC/MAC-hs format over Uu is always used, allowing an indexed size structure of the RLC PDU. There is a one-to-one relationship between the indexed size structure of the RLC/MAC-hs and Indexed MAC-d PDU size on Iub/Iur: if indexed size structure of the RLC/MAC-hs is used for a RB Indexed MAC-d PDU size has to be used over Iub and Iur for the corresponding RL.
The contribution proposes a new HS-DSCH Frame Protocol including new HS-DSCH CAPACITY ALLOCATION Control Frame and new HS-DSCH DATA FRAME to support Flexible MAC-d PDU size. The contribution proposes the corresponding changes in NBAP/RNSAP to provide signalling support for Flexible MAC-d PDU size. Furthermore, the contribution proposes to change Maximum MAC-d PDU size from 5000 bits to 12032 bits in order to allow a whole IP packet (1502 octets) together with RLC header (16 bits) fitting into one MAC-d PDU.
2. Problems with existing solutions
In 3GPP Rel-7, the HS-DSCH data is transferred by using HS-DSCH DATA FRAME with a granted capacity by the Node B/SRNC via the HS-DSCH CAPACITY ALLOCATION Control Frame or via the HS-DSCH initial capacity allocation. 
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Figure 1: HS-DSCH CAPACITY ALLOCATION Control Frame payload structure in 3GPP Rel-7
As in Figure 1, maximum MAC-d PDU length is 13 bits and value range is from 0 to 5000 bits. In case of flexible RLC, there will be a need to support the whole IP packet (1502 octets) in one MAC-d PDU. Obviously, the current maximum MAC-d PDU length is not possible to allow bigger MAC-d PDU than 5000 bits, which limits the peak data rate quite a lot.  Furthermore, the capacity is granted as that a given number of MAC-d PDUs (HS-DSCH Credits) of given maximum size (Maximum MAC-d PDU Length) can be sent in a given interval (HS-DSCH Interval). Such interpretation is oriented to indexed MAC-d PDU size and not suitable for flexible MAC-d PDU size. 
The initial capacity of HS-DSCH data transfer is granted by the Node B/SRNC via the HS-DSCH initial capacity allocation during the Radio Link Setup procedure, Radio Link Reconfiguration procedure or Radio Link Addition procedure in NBAP/RNSAP. During these procedures, the IE HS-DSCH Initial Capacity Allocation, that is sent by the Node B/DRNC to the CRNC/SRNC, specifies the maximum MAC-d PDU size (IE Maximum MAC-d PDU Size), and the number of MAC-d PDUs (IE HS-DSCH Initial Window Size). Such interpretation of the IE is used for indexed MAC-d PDU sizes and is obviously not suitable for flexible MAC-d PDU size.
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Figure 2: HS-DSCH DATA FRAME structure in 3GPP Rel-7

As in Figure 2, the current HS-DSCH DATA FRAME structure is not efficient for flexible MAC-d PDU size. The structure does not support different MAC-d PDU lengths. A new DATA FRAME is needed for every MAC-d PDU of different size, which might cause very high transport network overhead. Maximum MAC-d PDU length (represented by 13 bits) is 5000 bits (625 octets). Therefore, a full IP packet of 1502 octets in one PDU cannot be supported. 
Furthermore, it is agreed in [2] during RAN2 #56bis that there will be no C/T multiplexing within the MAC-d, but still the mapping of multiple logical channels to a single priority queue will be supported. MAC-hs is extended to include segmentation and multiplexing from different priority queues in addition to being able to receive RLC PDUs of flexible size.
One consequence of this is that the MAC-d PDUs will be octet aligned. The current MAC-d PDU length indicator assumes however bit granularity, which is not needed if MAC-d PDUs become octet aligned with the removal of MAC-d multiplexing. And the 4-bit spare extension inserted in front of every MAC-d PDU in the current data frame increases the overhead significantly in case of octet aligned MAC-d PDUs. Furthermore, the removal of MAC-d multiplexing requires the support of logical channel mapping in frame protocol, which is not possible with the current DATA FRAME structure.
3. Proposals for Iub/Iur Framing Protocol
To support flexible MAC-d PDU size and achieve good backward compatibility in RAN transport network, this contribution proposes the following changes in specifications.
The contribution proposes HS-DSCH Frame Protocol Type 2, including CAPACITY ALLOCATION Type 2 Control Frame and HS-DSCH DATA FRAME Type 2. Note that the HS-DSCH DATA FRAME Type 1 refers to the HS-DSCH DATA FRAME specified currently in 3GPP Rel-7 and the HS-DSCH CAPACITY ALLOCATION Type 1 Control Frame refers to the HS-DSCH CAPACITY ALLOCATION Control Frame specified currently in 3GPP Rel-7. 

3.1 New HS-DSCH CAPACITY ALLOCATION Control Frame
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Figure 3: Proposed Iub HS-DSCH CAPACITY ALLOCATION Type 2 Control Frame payload structure
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Figure 4: Proposed Iur HS-DSCH CAPACITY ALLOCATION Type 2 Control Frame payload structure

As in Figure 3 and Figure 4 (Figure 3 and Figure 4 differ only in case HS-DSCH on CELL_FACH [8]), the proposed HS-DSCH CAPACITY ALLOCATION Type 2 Control Frame payload keeps the same structure as the current HS-DSCH CAPACITY ALLOCATION with extending Maximum MAC-d PDU Length to 14 bits which can represent up to 16383 bits (2047 octets). This can easily represent big PDU such as a whole IP packet (1502 octets). And two spare bits give the possibility for even bigger MAC-d PDU in the future. The field of HS-DSCH Credit is extended to 16 bits which gives good margin as well for future need.

The proposed HS-DSCH CAPACITY ALLOCATION Type 2 Control Frame is used only for flexible MAC-d PDU size. The granted capacity shall be interpreted as the total allowed octets in a given interval (HS-DSCH Interval) by multiplying Maximum MAC-d PDU Length with HS-DSCH Credits. And the maximum MAC-d PDU length shall be configured via NBAP/RNSAP, i.e. CRNC/SRNC defines the maximum MAC-d PDU size and signals to Node B/DRNC and then Node B/DRNC sets this value in the HS-DSCH CAPACITY ALLOCATION Type 2 Control Frame to achieve capability alignment between different nodes and different RNS, as described in Section 4.3.
Proposal:

Introduce a new Iub HS-DSCH CAPACITY ALLOCATION Control Frame according to Figure 3 (MAC-c PDU is supported for enhanced CELL_FACH [8]).

Introduce a new Iur HS-DSCH CAPACITY ALLOCATION Control Frame according to Figure 4 (introducing D-RNTI for enhanced CELL_FACH [8]).

3.2 New HS-DSCH DATA FRAME 
As in Figure 5 and Figure 6 (Figure 3 and Figure 4 differ only in case HS-DSCH on CELL_FACH [8]), the proposed HS-DSCH DATA FRAME Type 2 structure introduces PDU blocks with the same size of MAC-d PDUs for efficient handling of both MAC-d PDUs of the same and different size. Up to 31 MAC-d PDU blocks can be transferred in one DATA FRAME and each block can consist of up to 15 MAC-d PDUs with a certain MAC-d PDU length. MAC-d PDU length is indicated in octets. 11 bits can therefore represent MAC-d PDU size up to 2047 octets, which can support as long MAC-d PDU sizes as an IP packet of 1502 octets. It introduces the IE Logical Channel ID in block n for the logical channel mapping to replace the removed MAC-d multiplexing. This field uses the same definition as C/T field in current MAC-d in Rel-7. Each block has a logical channel ID which allows MAC-d PDUs from different logical channels in one HS-DSCH DATA FRAME, same as Rel-7. The proposed DATA FRAME structure can therefore support very high bit rate and is flexible enough to transfer different MAC-d PDU size and different number of MAC-d PDUs. Furthermore, one spare bit is added in between the IE MAC-d PDU length in block n and the IE the number of MAC-d PDU in block n, which could be used in the future to extend the IE MAC-d PDU length in block n or the IE the number of MAC-d PDU in block n. 
Proposal: 

Introduce a new Iub HS-DSCH DATA FRAME format according to Figure 5 (Support MAC-c PDU and introducing H-RNTI and Transmit Power Level as well for enhanced CELL_FACH [8]).
Introduce a new Iur HS-DSCH DATA FRAME format according to Figure 6 (Introducing S-RNTI as well for enhanced CELL_FACH [8]).

[image: image5.wmf] 

Header CRC

 

FT

 

CmCH

-

PI

 

Frame Seq Nr

 

MAC

-

d

/c

 PDU length in block 1

 

 

User Buffer Size

 

User Buffer Size (cont)

 

M len 2

 

MAC

-

d

/c

 PDU m1 (cont)

 

Header

 

Payload

 

New IE Flags

 

7

(E)

 

  

 

  

 6

    

    5 

  

 

 

  4

      

  3

    

   2

    

    

1   

    

0   

      

 

H

-

RNTI

 

Transmit Power Level

 

DRT

 

DRT (cont)

 

7

 

0

 

H

-

RNTI

 (cont)

 

#PDUs in block 1

 

MAC

-

d

/c

 PDU 1 

 

MAC

-

d

/c

 PDU mn (cont)

 

MAC

-

d

/c

 PDU 

1

 

MAC

-

d

/c

 PDU 1

 (cont) 

 

MAC

-

d

/c

 

PDU m1 

 

M len 1 (cont)

 

Logical 

Ch ID in block 1

 

First block 

of PDUs 

with the 

same size

 

nth

 block of 

PDUs with 

the same 

size

 

Flush

 

Spare 1

-

0

 

Padding if n is odd

 

M len 1 (cont)

 

Logical 

Ch ID in block n

 

Total Num of PDU blocks

 

M len 1 (cont)

 

spare

 

MAC

-

d

/c

 PDU length in block 2

 

 

spare

 

Logical Ch ID in block 

2

 

M len 1 (cont)

 

#PDUs in block 2

 

 

MAC

-

d PDU length in block n

 

#PDUs in block n

 

M len n

 (cont)

 

spare

 

Spare Extension

 

Payload CRC (cont)

 

Payload CRC

 


Figure 5: Proposed Iub HS-DSCH DATA FRAME Type 2 structure
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Figure 6: Proposed Iur HS-DSCH DATA FRAME Type 2 structure

3.2.1 Mapping between priority queue and RRC logical channel

In discussions in RAN 2 it has been proposed to remove the MAC-d multiplexing for HS-DSCH channels that use Flexible MAC-d PDU size. The mapping between a logical channel and a RB identity (e.g. SRB2) is signalled in RRC to UE. When UE receives a MAC-hs frame it must be able to determine for each PDU:

1. The logical channel ID and thus also the RB identity of a PDU

2. The queue identity, to be able to handle the reordering reception queues

If CRNC/SRNC includes the logical channel ID in Iub/Iur HS-DSCH DATA FRAME as proposed in chapter 3.2 above, and Node B includes the received logical channel ID in the MAC-hs header of the MAC-hs frame (as proposed in [3]), the UE will be able to determine correct logical channel. 

However the current specifications (25.435, 25.425, 25.331,etc) allow that different MAC-d PDUs, which belong to the same logical channel, are transported via different priority queues from time to time. Node B shall select priority queue for a particular MAC-d PDU based on the CmCH-PI IE of the Iub/Iur HS-DSCH DATA FRAME. The CmCH-PI is not related to the logical channel in the specification. To enable that the UE uniquely can determine the Priority queue identity from the logical channel ID received in MAC-hs PDU, it is proposed to add to 25.435/25.425 that a logical channel shall be assigned to a unique priority level, included in the CmCH-PI IE of the frame. 

If UE receives information of the Priority Queue identity or scheduling priority indicator used for a particular logical channel in RRC signalling, it will be able to determine the priority queue for a received PDU. 

Proposal:

Add a logical channel element in Iub/Iur HS-DSCH DATA FRAME structure, as described in Section 3.2. The logical channel shall have a unique priority level. The Priority level shall be stated in CmCH-PI in the new format of the Iub/Iur HS-DSCH DATA FRAME.
3.3 New HS-DSCH DATA FRAME in CELL_PCH
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Figure 7: Proposed Iub HS-DSCH DATA FRAME Type 3 structure

HS-DSCH DATA FRAME Type 3 is proposed on Iub to support paging on HS-DSCH.
4 Proposals for NBAP and RNSAP

4.1 Distribute the Capability of cells of Node B/DRNS to CRNC/SRNC 
The introduction of Flexible MAC-d PDU size in 3GPP standard has to be backwards compatible.  CRNC/SRNC shall not use the flexible HS-DSCH Frame Protocol on Radio Links towards Node B/DRNS that are not supporting the format (for example if the nodes support level is 3GPP Rel-6).
Proposal for NBAP:

In the HSDPA Capability IE of Local Cell Information IE, used in the NBAP messages RESOURCE STATUS INDICATION and AUDIT RESPONSE a new IE allowing Node B to define support for the MAC-d PDU size formats is added.
Proposal for RNSAP:

FDD: In the Cell Capability Container FDD IE in Neighbouring FDD Cell Information IE used in RNSAP messages RADIO LINK SETUP RESPONSE and RADIO LINK ADDITION RESPONSE, a number of capability related support in neighbouring cells in the DRNS is forwarded to SRNC.  Also in message UPLINK SIGNALLING TRANSFER INDICATION the Cell Capability Container FDD IE is used to inform SRNC of the cell capability of the accessed cell. It is proposed to add a new codepoint allowing DRNS to state the supported MAC-d PDU size format supported in the cell.
3.84Mcps TDD: In the Cell Capability Container TDD IE in Neighbouring TDD Cell Information IE used in RNSAP messages RADIO LINK SETUP RESPONSE and RADIO LINK ADDITION RESPONSE, a number of capability related support in neighbouring cells in the DRNS is forwarded to SRNC.  Also in message UPLINK SIGNALLING TRANSFER INDICATION the Cell Capability Container TDD IE is used to inform SRNC of the cell capability of the accessed cell.  It is proposed to add a new codepoint allowing DRNS to state the supported MAC-d PDU size format supported in the cell.
1.28Mcps TDD: the Cell Capability Container TDD LCR IE in Neighbouring TDD Cell Information LCR IE used in RNSAP messages RADIO LINK SETUP RESPONSE and RADIO LINK ADDITION RESPONSE, a number of capability related support in neighbouring cells in the DRNS is forwarded to SRNC.  Also in message UPLINK SIGNALLING TRANSFER INDICATION the Cell Capability Container TDD LCR IE is used to inform SRNC of the cell capability of the accessed cell.  It is proposed to add a new codepoint allowing DRNS to state the supported MAC-d PDU size format supported in the cell.
7.68Mcps TDD: the Cell Capability Container 7.68Mcps TDD IE in Neighbouring TDD Cell Information IE used in RNSAP messages RADIO LINK SETUP RESPONSE and RADIO LINK ADDITION RESPONSE, a number of capability related support in neighbouring cells in the DRNS is forwarded to SRNC.  Also in message UPLINK SIGNALLING TRANSFER INDICATION the Cell Capability Container 7.68Mcps TDD IE is used to inform SRNC of the cell capability of the accessed cell.  It is proposed to add a new codepoint allowing DRNS to state the supported MAC-d PDU size format supported in the cell.
4.2 Define MAC-d PDU format for a Radio Link

As described above the CRNC/SRNC will have knowledge if the Flexible MAC-d PDU size is supported in a cell before a RL is setup, added or reconfigured. But the Flexible MAC-d PDU size format is not possible to use unless also the UE has capability to support it. Node B and DRNS do not have knowledge of UE capability, therefore the CRNC/SRNC have to signal selected PDU size format in the messages for RL setup and reconfiguration. The format used over the RL in UTRAN shall be the same as the format used for the RB over Uu for the HS-DSCH towards the UE. (It is RAN2’s responsibility to define how the UE will be informed about which RLC/MAC-hs format that is selected for the RB). 
There is no need to support different MAC-d PDU size formats for different MAC-d flows to the same UE. The selected MAC-d PDU size format is used for the whole HS-DSCH for a certain UE.
Proposal for NBAP:

Setup of a new HS-DSCH RL: 

At setup of a HS-DSCH radio link the CRNC has to signal if Flexible MAC-d PDU size shall be used for the RL.

Add a new IE HS-DSCH MAC-d PDU Size Format to HS-DSCH FDD Information IE and HS-DSCH TDD Information IE of HS-DSCH Information IE included in RADIO LINK SETUP REQUEST, RADIO LINK RECONFIGURATION PREPARE and RADIO LINK RECONFIGURATION REQUEST.
HS-DSCH Serving Cell Change:
When changing the HS-DSCH serving cell it might be required to change the MAC-d PDU size format, for example if the new cell does not support the Flexible MAC-d PDU size format.
FDD: The new IE HS-DSCH MAC-d PDU Size Format added to HS-DSCH FDD Information IE (see above) is used to configure MAC-d PDU size format in case of serving cell change. The HS-DSCH Information IE is present in the HS-DSCH Serving Cell Change Information IE included in RADIO LINK ADDITION REQUEST FDD message.

TDD: The new IE HS-DSCH MAC-d PDU Size Format added to HS-DSCH TDD Information IE (see above) is used to configure MAC-d PDU size format in case of serving cell change. The HS-DSCH Information IE is included in RADIO LINK ADDITION REQUEST TDD message.
Synchronized modification of HS-DSCH:
It shall be possible to modify the MAC-d PDU size format for a RL. This might for example be required to prepare for an SRNS relocation. For the case the target RNS does not support the Flexible MAC-d PDU size format, the RL in source system must first be reconfigured to the Indexed MAC-d PDU size for the SRNS relocation to be successful.
Add a new IE HS-DSCH MAC-d PDU Size Format to HS-DSCH Information To Modify IE included in RADIO LINK RECONFIGURATION PREPARE. 
Note: in case of unsynchronized modification of HS-DSCH, it is not allowed to change the HS-DSCH MAC-d PDU size format.

Proposal for RNSAP:

Corresponding to the proposal for NBAP.
For Iur, it is possible that the cell does not support flexible MAC-d PDU size format as the cell capability might be unknown to SRNC. A new cause code to be used in case of RL failure is added.
4.3 CRNC/SRNC sends Maximum PDU size to Node B/DRNC
When flexible MAC-d PDU size is used, i.e. defined for a RL as described in Section 4.2, the maximum MAC-d PDU size has to be set by CRNC/SRNC and signalled to Node B/DRNC to align the capability between different nodes and different RNS. 

Proposal for NBAP:

Setup of a new HS-DSCH RL: 

At setup of a HS-DSCH radio link the CRNC has to signal the Maximum MAC-d PDU size if Flexible MAC-d PDU size is used for the RL.

Add a new IE Maximum MAC-d PDU size to HS-DSCH MAC-d Flows Information IE included in RADIO LINK SETUP REQUEST, RADIO LINK RECONFIGURATION PREPARE and RADIO LINK RECONFIGURATION REQUEST. The maximum MAC-d PDU size is set per priority queue.

HS-DSCH Serving Cell Change:

When changing the HS-DSCH serving cell it might be required to change the Maximum MAC-d PDU size.
FDD: The new IE Maximum MAC-d PDU size added to HS-DSCH MAC-d Flows Information IE (see above) is used to configure Maximum MAC-d PDU size in case of serving cell change. The HS-DSCH Information IE is present in the HS-DSCH Serving Cell Change Information IE included in RADIO LINK ADDITION REQUEST FDD message.
TDD: The new IE Maximum MAC-d PDU size added to HS-DSCH MAC-d Flows Information IE (see above) is used to configure Maximum MAC-d PDU size in case of serving cell change. The HS-DSCH Information IE is included in RADIO LINK ADDITION REQUEST TDD message.
Synchronized modification of HS-DSCH:

Add a new IE Maximum MAC-d PDU size to HS-DSCH Information To Modify IE included in RADIO LINK RECONFIGURATION PREPARE.
Note: in case of unsynchronized modification of HS-DSCH, it is not allowed to change the maximum MAC-d PDU size. 

Proposal for RNSAP:

Corresponding to the proposal for NBAP.
4.4 New definition of MAC-d PDU size in NBAP/RNSAP messages

MAC-d PDU size definition is updated with an IE defining maximum PDU size per priority queue. When Maximum MAC-d PDU size is defined in the procedures described in Section 4.3, MAC-d PDU Size Index Information (including SID and MAC-d PDU size) shall be ignored.

4.5 Initial Capacity Allocation

The contribution proposes also new interpretation of the IE HS-DSCH Initial Capacity Allocation in NBAP in case that HS-DSCH Frame Protocol Type 2 is used, i.e. calculate the maximum MAC-d PDU length (the IE Maximum MAC-d PDU Size) times the number of MAC-d PDUs (the IE HS-DSCH Initial Window Size). This gives a total number of octets. And the IE Maximum MAC-d PDU Size should be set to the same as the one sent by CRNC/DRNC to Node B/SRNC (as described in Section 4.3).  

Proposal for NBAP:

Add new interpretation of the IE HS-DSCH Initial Window Size (which is in the IE HS-DSCH Initial Capacity Allocation) to indicate that the granted credit shall be determined in octets by multiplying the maximum MAC-d PDU length (the IE Maximum MAC-d PDU Size) with the number of MAC-d PDUs (the IE HS-DSCH Initial Window Size) when Flexible MAC-d PDU size format is used.
Add description in the Radio Link Setup procedure, Radio Link Addition procedure, Radio Link Reconfiguration procedure to specify that Node B shall only set in the HS-DSCH Initial Capacity Allocation IE the values for the peer of Scheduling Priority Indicator IE and Maximum MAC-d PDU Size IE to the values of the corresponding peer received in the corresponding RADIO LINK SETUP REQUEST, RADIO LINK ADDITION REQUEST, RADIO LINK RECONFIGURATION PREPARE and RADIO LINK RECONFIGURATION REQUEST messages.
Proposal for RNSAP:

Corresponding to the proposal for NBAP.
5. Conclusions

The contribution has discussed an efficient solution for the transport network to support high bit rate and flexible RLC. 
Corresponding CRs [4],[5],[6],[7].
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