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1.
Introduction
During the RAN WG2 meeting in Qi’an (RAN2 #32) we discussed the possibility of introducing on the frame protocol between SRNC and Node-B a delay attribute per MAC-d PDU. The proponents saw this as a method for more efficiently (fewer un-necessary transmissions, potentially longer scheduling delay) matching the QoS required for a given service [1]. The detractors expressed concerns about the need to determine the delay tolerance of each packet on the fly.
We consider that HSDPA will need to mature before it can handle strict QoS requirements. Instead, we expect that it will initially be used to carry interactive/background class services, using RLC AM. It therefore seems much more pressing to ensure that such services work well, while keeping the complexity and cost of HSDPA capable Node-Bs low. 

In this document we are claiming that RLC AM performance would suffer because of the need to buffer data at MAC-hs level unless we are able to prioritize between new transmissions and re-transmissions. We are therefore proposing to introduce in-band information indicating the priority of the RLC PDU. This priority would at least distinguish between low and high priority. The method by which to select the priority does not need to be standardized

We are also proposing a slightly more elaborate alternative, though still using information that is available in the RLC protocol. In either case, the Node-B would be free to either make use of the information or ignore it.

2.
Rationale

In HSDPA, scheduling decisions are made at the Node-B. This means that the Node-B has to buffer data before the transmission can take place. The amount of data that is stored can be negotiated with the RNC using a credit scheme (see 25.877). Of course, there is a certain delay associated with this negotiation procedure. The Node-B needs to send a capacity allocation message, this has to be processed by the RNC and the associated data sent down. Below we will refer to this delay as the credit round-trip-time (cRTT).

At any one time, the Node-B needs to store for each UE enough data to satisfy all its transmissions that can take place during such a cRTT. Of course, it would also be possible to simply keep enough data across all the UEs in the cell, but this would lead to sub-optimal scheduling decisions, as the decisions would be driven by data availability rather than channel conditions. Memory allowing, the best over-the-air performance would therefore be achieved if the Node-B gave out enough credits for all the data sitting at the RNC.
RLC AM relies on retransmissions to achieve the desired residual frame error rate. Re-transmissions are triggered by sending feedback information on the status of each packet. The amount of buffer required in order to avoid stalling is proportional to the over-the-air throughput and to the re-transmission round-trip-time (rRTT). The rRTT is the time between the moment when the hole (in the sequence numbers) is detected by the receiver and the time the packet is transmitted again over the air. Therefore, there is an incentive to reduce the rRTT as a means of either reducing the RLC buffer requirements at the mobile, or to improve RLC performance at equal RLC buffer size.

Currently, the Frame protocol does not identify the type of RLC packet being sent down. This means that in addition to the status report transmission delay, the rRTT will also include buffering delays at the Node-B. Therefore, the larger the amount of data sitting in the Node-B buffer is, the larger the rRTT will be. 
In order to mitigate this effect, the Node-B would need to continuously estimate the amount of data it will need for each user during the upcoming cRTT period and ensure that it is available. Given that HSDPA relies on selecting the data-rate based on the channel conditions and that these change quite fast, it seems obvious that the amount of data buffered will have to be over-estimated in order to get good over-the-air performance, thus resulting in an increased rRTT. This increase would be in the order of cRTT, which is expected to represent at least half of the R’99 RTT.
This additional delay will also be reflected on the status information corresponding to the uplink transmissions. Therefore, the RLC performance will be affected not only for the downlink but also for the uplink.
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3.
RLC Traffic
3.1
Information Categorization
We can distinguish a number of different RLC traffic classes:
1. New Data

PDUs being transmitted for the first time. Sent from Sender to Receiver entity. 

2. Re-transmitted data

PDUs having been transmitted at least once before. Sent from Sender to Receiver entity. 

3. Polling Bit
The polling bit is set on PDUs sent from Sender to Receiver to trigger the transmission of status information on the return link. The poll could therefore be set on either new or re-transmitted PDUs. There are a number of polling triggers: last PDU in buffer, last PDU in re-transmission buffer, poll-timer, every Poll_PDU PDU, every Poll_SDU SDU, Window based, Poll Periodic. It is assumed that the polls will be arriving in a certain order for the associated status report to include as much information as possible.

4. Status Info

A Status PDU containing only SUFIs indicating ACK/NACK information. This includes all SUFIs except for the MRW_ACK SUFI. Sent from Receiver to Sender entity.

5. MRW SUFI

A Status PDU containing only the MRW SUFI used for discard with explicit signalling. Sent from Sender to Receiver entity.

6. RESET
Control PDUs. Sent by either Sender or Receiver.

7. RESET_ACK

Control PDUs. Sent by either Sender or Receiver.

RLC performance depends mostly on the prompt arrival of Re-transmitted data and status information. This is therefore the data which could be flagged at the Node-B scheduler as having higher priority.
The table below shows which information in the rows, is allowed to overtake which information in columns:
	Column Can Overtake Row
	New Data
	Re-tx Data
	Polling bit
	Status Info
	MRW SUFI
	RESET
	RESET _ACK

	New Data
	No
	Yes
	No
	Yes
	No (1)
	No (2)
	No (2)

	Re-tx Data
	No
	Yes (3)
	No
	Yes
	No (1)
	No (2)
	No (2)

	Polling bit
	Yes
	Yes
	N/A (4)
	N/A (4)
	N/A (4)
	N/A (4)
	N/A

	Status Info
	Yes
	Yes
	N/A (4)
	No
	Yes
	No (5)
	No (5)

	MRW SUFI
	No
	Yes (6)
	N/A (4)
	Yes
	N/A (7)
	No
	No

	RESET
	N/A (8)
	N/A (8)
	N/A (8)
	N/A (8)
	N/A (8)
	No
	No

	RESET_ACK
	No
	Yes (9)
	Yes
	Yes (10)
	Yes
	Yes
	N/A


(1) otherwise the overtaken data may be discarded by the receiver

(2) could result in multiple RESETs

(3) there is an incentive to allowing older packets to over-take newer ones but not the other way around

(4) Polling bit order only affects protocol performance with regards to their position relative to other PDUs

(5) Could lead to another RESET if the Status PDU NACKs data out of the initial window position.

(6) re-transmissions of data with SN lower than SN_MRW do not take place after the MRW procedure is initiated

(7) only one MRW procedure is started at the same time

(8) no data is sent after a RESET, until the entire procedure is completed, which requires that a two way handshake and therefore both entities to be aware.

(9) the peer entity would still be in Reset pending state and would discard the data. Note however that no re-transmitted data is sent after a RESET_ACK until a NACK is received. This essentially constitutes a three-way handshake (only applicable for re-transmitted data). Therefore, any data sent (i.e. VT(S) for sending a pole) would not be strictly necessary.

(10) the peer entity would still be in Reset pending state and would discard the data. Note however that since it does not transmit anything until it receives a RESET_ACK, there is no reason to send a status report. 
3.2
Observations

There are a number of basic observations that can be extracted from this table:

· Status information can overtake any other type of information (not other Status information). 
· Re-transmission data can overtake any other type of information. 

This is the very data which, if prioritized would improve system performance. From these observations we can extract a very basic prioritization scheme. We can divide data into two basic categories. Re-tx Data and Status Info would be high priority, whereas the rest would be low priority. It could be assumed that each of these categories would be identified separately on the Iub and would be put in separate queues at the Node-B.

The only problem that remains is that two different types of information (according to the categorization defined above) could find themselves in the same PDU:
· New data and polling bit

· Re-tx data and polling bit

· Status information and MRW

· New data and piggy-backed status information

· Re-tx data and piggy-backed status information

· New data and piggy-backed MRW information

· Re-tx data and piggy-backed MRW information.

It is therefore necessary to eliminate some of the combinations. There are a number of very simple guidelines that could be adopted:

· Piggy-backed status PDUs are not used

· MRW SUFIs are always sent by themselves in a status PDU

The packing efficiency of status information would find itself reduced, but given the data-rates provided by HSDPA, this does not seem to be a big problem.

The only type of combination that cannot be ruled out is that linked to polling PDUs and new or re-transmitted data. The first is not an issue as the performance of the polling will improve if re-transmitted data are allowed to over-take the polling bit. The second on the other hand could affect the performance some-what by not advancing the window sufficiently fast. When looking at the different polling triggers however, most of them require that the poll be set on new PDUs:
· Last PDU in buffer

· Every Poll_PDU PDU

· Ever Poll_SDU SDU
· Window based

Of the ones remaining, Last PDU in re-transmission buffer is meant to generate a status report for all the missing re-transmitted PDUs. Since these arrive in order anyway, the performance of this scheme is not affected. 

Poll periodic and Timer Poll are used as a means of recovering from polls lost over the air and could be set on either new or re-transmitted PDUs. However, since their triggering is not aligned with specific protocol state variable values, there is no impact if they over-take PDUs or not.

4.
Proposal
4.1
Proposed Scheme
The proposed scheme would be optional at all the levels in the network without any additional compared to the current situation. Of course, for it to work both the RNC and Node-B would need to support it.
Mobile
This proposal does not have any impact on the mobile.

RNC (RLC)
At the RNC, RLCs supporting this scheme would have to comply with the restrictions defined above on combining different types of information in the same PDU:

· Piggy-backed status PDUs are not used

· MRW SUFIs are always sent by themselves in a status PDU
Also, based on its contents, it would identify each PDU sent down to MAC-hs as one of the following:

· High priority (Re-transmission data, Status Information)
· Low priority (New data, MRW and if it does not support the specific indication: Reset, Reset_ACK)
· RESET/RESET_ACK PDU (Optional)

A two bit field would be added to each PDU in-band. There is currently room for such a field in the currently defined HS-DSCH frame format (see [2]):
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If the RNC does not support this functionality it would indicate low priority for all PDUs and it would not need to comply by the constraints above.

Node-B (MAC-hs)
A Node-B not supporting this functionality could ignore the field completely and pipe the data to a single queue.

A Node-B supporting this functionality would have two separate queues for each priority level, one for high and one for low priority and would always send data from the high priority queue first. PDUs with the low and high priority indication would be routed respectively to the low and high priority queues. 

If it also supports the RESET functionality, then it could make use of the RESET indication to flush part of its buffers. One way or the other, it would put the associated PDU in the low priority queue to ensure it is received in sequence.
4.2
Standards Impact

The scheme described above is nothing but an example to show that it is possible to get it work. It is therefore not necessary to mandate a strict mapping between RLC information and priority level. It is also not necessary to capture the restriction on combination of RLC information described above in the RAN2 spec.
The only change that is needed is to introduce the new field in the frame protocol in 25.435 as described in the attached CR at the end of this document.
5.
Conclusion

This document shows that it is possible to conceive of a scheme by which RLC re-transmissions and status information can be prioritized at MAC-hs level without having adverse effects on the RLC protocol. Such a scheme would counter-act the effects of buffering at Node-B level on the RLC round-trip time, thus simplifying the buffer-management in MAC-hs. Two priority levels would be enough for this purpose, though it is proposed to use a two bit field to also allow the possibility to handle the case of RLC RESET.

The scheme by which to map RLC information to the two priority levels does not need to be standardized, as UTRAN behavior is typically not specified. The only impact on 3GPP specifications is therefore to add this two-bit field per PDU in the frame-protocol. Reserved bits are already available and could be used for this purpose.

It is proposed to send an LS to RAN3 and ask them to adopt the attached CR.
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Figure 21A: HS-DSCH DATA FRAME structure

6.2.7.21
Common Transport Channel Priority Indicator (CmCH-PI)

Description: CmCH-PI is the relative priority of the data frame and the SDUs included.

Value range: {0-15, where 0=lowest priority, 15=highest priority}.

Field length: 4 bits.

6.2.7.22
User Buffer Size

Description: Indicates the users' buffer size (i.e. the amount of data in the buffer) in octets for a given Common Transport Channel Priority Indicator level.

Value range: {0-65535}.

Field length: 16 bits.

6.2.7.23
MAC-d PDU Length

Description: The value of that field indicates the length of every MAC-d PDU in the payload of the HS-DSCH DATA FRAME in number of bits.

Value range: {0-5000}.

Field Length: 13 bits.

6.2.7.24
NumOfPDU

Description: Indicates the number of MAC-d PDUs in the payload.

Value range: {1-255}.

Field Length: 8 bits.

6.2.7.25
MAC-d PDU

Description: A MAC-d PDU contains the MAC-d PDU as defined in [9].
Field length: See the value of the MAC-d PDU Length IE.

6.2.7.x
RP (RLC Priority)

Description: Indicates the priority of the RLC payload.

Value range: {0-2, 0: Low Priority, 1: High Priority, 2: RESET or RESET_ACK}.

Field Length: 2 bits.
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