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Discussion and Decision 
Introduction
In this document, we shortly highlight potential problems with the TSN setting in DC HSUPA and propose ways forward. This document is a resubmission of the WI RANimp-UplinkL2dataRates contribution R2-094376, which has not been treated in the previous meeting due to lack of time. 
Discussion

As an example, let us assume that a single RB is configured. 8 HARQ processes are active per carrier to carrier data from this MAC-d flow, and up to seven retransmission are allowed. 

Given this example, two aspects can now be illuminated:


1. How to do the TSN setting, when at a given TTI occasion a new MAC-is PDU can be transmitted on each carrier?
It was agreed in RAN2#66 and put in the stage two description (25.319 V9.0.0) that MAC-is PDU flow per Node B and carrier. Or – in other words – each MAC-d flow is configured per Node B and per carrier. This is shown in the Figure 1, which is a copy from 25.319 V9.0.0, Figure 7.3.7-1a. 
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Figure 1: UTRAN side MAC architecture / MAC-is details for Dual Cell E-DCH operation (for DTCH and DCCH transmission, SHO case, FDD only)

The MAC-is entity performs reordering of the MAC-is PDUs of a MAC-d flow received per Node B and per carrier. And each of the MAC-is PDUs must have a TSN value to allow reordering. As at a TTI occasion there can be two new MAC-is PDU be transmitted – one per carrier – two different TSN values have to be set if data from the same logical channel is transmitted on both carriers.

If bits of a logical channel shall be transmitted on both carriers at a TTI occasion, then the MAC-is PDU filled first receives the next pending TSN, while the MAC-is PDU filled second with this channel’s bits carriers in the MAC-header the TSN incremented by 1. 

Proposals:
1A) bits from a logical channel can be carried on both carriers at the same TTI occasion.
1B) Let n be the next used transmission sequence number value of a logical channel for MAC-is PDU. Then: 
If the next bits of this logical channel are placed in a MAC-is PDU to be carried on carrier 1 during the next TTI occasion, then set the value of the TSN field to n. 
If then the following bits of this logical channel are put in the MAC-is PDU to be carried on carrier 2 during the same TTI occasion, then set the value of the TSN field to n+1.
 

2. How to avoid a wrap around with the given TSN space of 6 bits?
Wrap around of TSN values therefore can occur twice as fast as in single carrier operation, i.e. within 4 HARQ process periods. If more than 3 repetitions are allowed, a TSN value may be in use twice for two different MAC-is PDUs. 
Reordering takes place in the S-RNC. And there may be additional jitter on the Iub-interface, which enhances the seriousness of the problem. 
There are several options to overcome this problem:

a. For DC operation, the number of re-transmissions is limited to 2 or lower:
Advantage: 
No wrap around of a TSN value occurs between the UE and the Node Bs. 
Drawback: 
MAC-is PDU arrival jitter is not only caused by retransmission over the radio, but additionally by transmissions over the Iub interface. The delay depends very much on the available transmission capacity on this interface. And this aspect is not covered with this solution.

b. The UE monitors prevents a wrap around.
A new parameter is signaled to the UE which informs the UE about the minimum “distance” between the lowest TSN value still in use for a MAC-is PDU, which is retransmitted, and a TSN value used for a new transmission. 
Drawback: additional signaling is needed, as well as tracking of the TSN values currently in use per logical channel. Allocated radio resources may not be used, as the UE is waiting for TSN values to become available for transmission. 

c. Extension of the TSN number space:
This approach is already agreed for DC HSDPA & Mimo. Also for DC HSUPA, the TSN size could be extended from 6 to 14. This prevents the rist of wrap around, and is a future proved solution if additional uplink carriers are allowed to be used in parallel for HSUPA. Main drawback is the impact to the MAC-is header. And legacy Node Bs cannot be used DC HSUPA. 

Proposal: Extend the TSN number space. 

The MAC-is entity as been introduced in REL8. It could be considered to introduce a larger TSN size already in REL8. This allows Node Bs to be part of the E-DCH active set, which do support MAC-is of REL8, but are as non-serving Node Bs not aware that the DC HSUPA feature is used. 

Proposal: Consider a TSN size extension already for MAC-is in REL8 by extending the MAC-is header per logical channel/MAC-d flow by one octet. 

Conclusion

We kindly ask the group to discuss the problems linked with the current TSN size, and agree on the proposed ways forward.
Appendix

Impact of having a larger TSN size introduced in MAC-is already for REL8 is presented in R2-09xxxx,…
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9.2.4.3
MAC-is header parameters

-
Transmission Sequence Number (TSN):
The TSN field provides the transmission sequence number for the MAC-is PDU. This information is used for reordering purposes to support in-sequence delivery to higher layers. The length of the TSN field is 14 bits.
-
Segmentation Status (SS):
The Segmentation Status (SS) field provides indication of the segmentation status of the MAC SDU or segment of MAC SDU belonging to the logical channel identified by the LCH-ID field. The length of the SS field is 2 bits.

Table 9.2.4.3-1: Structure of the SS field

	SS Field
	Segmentation status

	00
	The first MAC-is SDU of the MAC-is PDU is a complete MAC-d PDU or MAC-c PDU.

The last MAC-is SDU of the MAC-is PDU is a complete MAC-d PDU or MAC-c PDU.

	01
	If there are more than one MAC-is SDUs in the MAC-is PDU, the last MAC-is SDU of the MAC-is PDU is a complete MAC-d PDU or MAC-c PDU.

The first MAC-is SDU of the MAC-is PDU is the last segment of a MAC-d PDU or MAC-c PDU.

	10
	If there are more than one MAC-is SDUs in the MAC-is PDU, the first MAC-is SDU of the MAC-is PDU is a complete MAC-d PDU or MAC-c PDU.

The last MAC-is SDU of the MAC-is PDU is the first segment of a MAC-d PDU or MAC-c PDU.

	11
	If there are more than one MAC-is SDUs in the MAC-is PDU, the first MAC-is SDU of the MAC-is PDU is the last segment of a MAC-d PDU or MAC-c PDU and the last MAC-is SDU of MAC-is PDU is the first segment of a MAC-d PDU or MAC-c PDU.
If there is only one MAC-is SDU in the MAC-is PDU, the MAC-is SDU is a middle segment of a MAC-d PDU or MAC-c PDU.


< next modified section >
11.8.1.2.1
TSN setting process operation

There is one TSN setting process at the UE for each logical channel. When a MAC-es or MAC-is PDU is transmitted, the UE operation in support of the re-ordering functionality consists in generating an explicit sequence number (TSN) for the MAC-es or MAC-is PDU intended for the associated re-ordering queue. In one TTI, there is only one TSN per logical channel: one for the MAC-es or MAC-is PDU that is transmitted.

Each TSN setting process maintains the state variable CURRENT_TSN, which indicates the sequence number to be included in the header of the following MAC-es or MAC-is PDU to be generated. When the TSN setting process is established, CURRENT_TSN shall be initialized to 0.

When a new payload needs to be generated for the associated re-ordering queue, the TSN setting entity shall:

-
set the TSN of the transmission to CURRENT_TSN;

After each MAC-es PDU is multiplexed:

-
increment CURRENT_TSN by 1;

-
if CURRENT_TSN > 63:

-
set CURRENT_TSN = 0.
After each MAC-is PDU is multiplexed:

-
increment CURRENT_TSN by 1;

-
if CURRENT_TSN > 16383:

-
set CURRENT_TSN = 0.
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7.2.1
Overall architecture

The overall UE MAC architecture, which is shown in Figure 7.2.1-1 and Figure 7.2.1-2, includes new MAC-es/MAC-e and MAC-is/i entities which controls access to the E-DCH. A new connection from MAC-d to MAC-es/MAC-e or MAC-is/i is added to the architecture, as well as a connection between MAC-es/MAC-e and the MAC Control SAP. For FDD and 1.28Mcps TDD only, a new connection from MAC-c/sh to MAC-is/i is added to the architecture. The higher layers configure whether MAC-es/e or MAC-i/is is used.
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Figure 7.2.1-1: UE side MAC architecture with MAC-e and MAC-es
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Figure 7.2.1-2: UE side MAC architecture with MAC-i and MAC-is
As shown in Figure 7.2.1-3, a RLC PDU enters MAC-d on a logical channel. The MAC-d C/T multiplexing is bypassed. In the MAC-e header, the DDI (Data Description Indicator) field (6 bits) identifies logical channel, MAC-d flow and MAC-d PDU size. A mapping table is signalled over RRC, to allow the UE to set DDI values. The N field (fixed size of 6 bits) indicates the number of consecutive MAC-d PDUs corresponding to the same DDI value. A special value of the DDI field indicates that no more data is contained in the remaining part of the MAC-e PDU.The TSN field (6 bits) provides the transmission sequence number on the E-DCH. The MAC-e PDU is forwarded to a Hybrid ARQ entity, which then forwards the MAC-e PDU to layer 1 for transmission in one TTI.
As shown in Figure 7.2.1-4 for DCCH and DTCH transmission, a RLC PDU enters MAC-d on a logical channel. The RLC PDU size is chosen so that it is not smaller than the minimum RLC PDU size configured by higher layers (unless there are no further data in the buffer) and not larger than the maximum RLC PDU size configured by higher layers. The MAC-d C/T multiplexing is bypassed. If the MAC-is SDU is larger that what can be transmitted in the transport block, the MAC-is SDU is segmented. In the MAC-i header, the LCH-ID (Logical Channel Indicator) field (4 bits) identifies the logical channel and MAC-d flow. The L field indicates the size of the MAC SDU. The TSN field (14 bits) provides the transmission sequence number on the E-DCH. The MAC-i PDU is forwarded to a Hybrid ARQ entity, which then forwards the MAC-i PDU to layer 1 for transmission in one TTI.
In CELL_FACH (FDD only), the UE’s E-RNTI is provided as UE ID to the Node B and is included in all MAC-i PDUs until the UE gets notified by the Node B that is has received the UE’s E-RNTI by having received an E-AGCH with its E-RNTI (through an E-RNTI-specific CRC attachment).

For FDD only, as shown in Figure 7.2.1-5, for CCCH transmission, a RLC PDU enters MAC-c/sh on a logical channel. The RLC PDU size is chosen so that it is not larger than the maximum RLC PDU size configured by higher layers. The TCTF multiplexing in MAC-c/sh is bypassed. If the MAC-is SDU is larger than what can be transmitted in the transport block, the MAC-is SDU is segmented. Before segmentation a CRC attached to the MAC-is SDU for error detection. A  LCH ID value is reserved in order to identify the CCCH transmission. The L field indicates the size of the MAC SDU. The TSN field (14 bits) provides the transmission sequence number on the E-DCH. The MAC-i PDU is forwarded to a Hybrid ARQ entity, which then forwards the MAC-i PDU to layer 1 for transmission in one TTI.
For 1.28Mcps TDD only, as shown in Figure 7.2.1-5, for CCCH transmission, a RLC PDU enters MAC-c/sh on a logical channel. The RLC PDU size is chosen so that it is not larger than the maximum RLC PDU size configured by higher layers. The TCTF multiplexing in MAC-c/sh is bypassed. If the MAC-is SDU is larger than what can be transmitted in the transport block, the MAC-is SDU is segmented. Before segmentation a CRC attached to the MAC-is SDU for error detection. A LCH ID value is reserved in order to identify the CCCH transmission. The L field indicates the size of the MAC SDU. The TSN field (6 bits) provides the transmission sequence number on the E-DCH. The MAC-i PDU is forwarded to a Hybrid ARQ entity, which then forwards the MAC-i PDU to layer 1 for transmission in one TTI.
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Figure 7.2.1-3: Simplified architecture showing MAC inter-working in UE when MAC-e/es is configured. The left part shows the functional split while the right part shows PDU construction.


[image: image5.emf] 

      

MAC  -  d Flows     

MAC  -  is PDU       MAC  -  i header      

DCCH      DTCH     

DTCH     

HARQ     

processes      

Multiplexing      

DATA     

MAC  -  d     

DATA     

DATA     

       

Padding       

(Opt)     

RLC PDU:      

MAC  -  i PDU :      

L1     

RLC     

L          DATA      DATA     

MAC  -  d PDU:     

   

Header     

MAC  -  is/i      

Numbering      

MAC  -  is PDU:      

TSN      DATA      DATA     

Numbering       Numbering      

LCH  

Add UE - id   (FDD only)  

SS  

   


Figure 7.2.1-4: Simplified architecture showing MAC inter-working in UE when MAC-i/is is configured for DTCH and DCCH transmission. The left part shows the functional split while the right part shows PDU construction.
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Figure 7.2.1-5: Simplified architecture showing MAC inter-working in UE when MAC-i/is is configured for CCCH transmission. The left part shows the functional split while the right part shows PDU construction.
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