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1. Introduction

Contribution [1] discussed the need for H-ARQ process reservation and restriction for non-scheduled transmissions (NST) and suggested the removal of either reservation or restriction to simplify the H-ARQ-related procedure.
In this contribution, instead of removing either reservation or restriction, it is proposed that the functionality of H-ARQ process reservation and restriction is combined in order to simplify the procedure. Furthermore, it is proposed that the reservation and restriction functionality is not extended to 10ms TTI case.
2. 2ms TTI H-ARQ Restriction and Reservation
The current H-ARQ process management for NST in [2] for 2ms TTI is as follows:
· UTRAN can restrict a non-scheduled MAC-d flow to use a limited number of H-ARQ processes, i.e.:

· A H-ARQ process that is “NST restricted” can be used by NST and scheduled transmissions (ST)
· When the UE has a set of “NST restricted” H-ARQ processes, processes that are not in this set cannot be used by NST, i.e. they can only be used by ST

· UTRAN can reserve some H-ARQ processes for NST, i.e.:
· A H-ARQ process that is “NST reserved” can only be used by NST

· A H-ARQ process that is not “NST reserved” can be used by NST and ST

· “NST restricted” and “NST reserved” can also be applied to H-ARQ processes on the same UE, or to the same H-ARQ process, e.g.:

· H-ARQ processes that are both “NST reserved” and “NST restricted” can only be used by NST
2.1. Reservation

The following scenario is considered: all H-ARQ processes can be used by both NST and ST, and all available H-ARQ processes are busy with ST. Non-scheduled data arriving at this time will have to wait until a H-ARQ process becomes available before NST is possible. Here, NST could be delayed for approximately: 2ms TTI × 8 H-ARQ processes × 4 = 64 ms, assuming the average number of re-transmissions is 3 (i.e. total number of transmission is 4). This delay is not acceptable, particularly for delay-sensitive traffic. By introducing a number of “NST reserved” H-ARQ processes, NST data will not experience such delays as there will always be a number of H-ARQ processes that are not occupied by ST. This means that the delay and jitter experienced by NST can be limited by H-ARQ process reservation. This is clearly beneficial for delay-sensitive traffic classes. 
Therefore, by having “NST reserved” H-ARQ processes, a portion of the E-DCH bandwidth is set aside for NST. The relationship of “NST reserved” H-ARQ processes with ST and NST MAC-d flows and with the Node B HW resource allocation is illustrated in the following table:
	Logical Channel
	#1
	#2
	HW resource allocation

	MAC-d flow
	MAC-d #1
	MAC-d #2
	

	NST/ST?
	NST
	ST
	

	H-ARQ process #0
	NST Reserved: Can be used
	Cannot be used
	NST

	H-ARQ process #1
	NST Reserved: Can be used
	Cannot be used
	NST

	H-ARQ process #2
	NST Reserved: Can be used
	Cannot be used
	NST

	H-ARQ process #3
	NST Reserved: Can be used
	Cannot be used
	NST

	H-ARQ process #4
	Can be used
	Can be used
	NST + ST

	H-ARQ process #5
	Can be used
	Can be used
	NST + ST

	H-ARQ process #6
	Can be used
	Can be used
	NST + ST

	H-ARQ process #7
	Can be used
	Can be used
	NST + ST


Table 1: “NST reserved” H-ARQ processes
2.2. Restriction

“NST restricted” H-ARQ processes were introduced in order to limit the time the Node B hardware resources must be prepared to receive NST [3]. H-ARQ processes outside the “NST restricted” set are only allowed for ST, thus reducing the HW resources required by the Node B.
The relationship of “NST restricted” H-ARQ processes with ST and NST MAC-d flows and with the Node B HW resource allocation is shown in the following table:
	Logical Channel
	#1
	#2
	HW resource allocation

	MAC-d flow
	MAC-d #1
	MAC-d #2
	

	NST/ST?
	NST
	ST
	

	H-ARQ process #0
	NST Restricted: Can be used
	Can be used
	NST + ST

	H-ARQ process #1
	NST Restricted: Can be used
	Can be used
	NST + ST

	H-ARQ process #2
	NST Restricted: Can be used
	Can be used
	NST + ST

	H-ARQ process #3
	NST Restricted: Can be used
	Can be used
	NST + ST

	H-ARQ process #4
	Cannot be used
	Can be used
	ST

	H-ARQ process #5
	Cannot be used
	Can be used
	ST

	H-ARQ process #6
	Cannot be used
	Can be used
	ST

	H-ARQ process #7
	Cannot be used
	Can be used
	ST


Table 2: “NST restricted” H-ARQ processes
2.3. Proposal

In order to simplify the H-ARQ process reservation and restriction mechanism, instead of having 2 separate methods for every H-ARQ process, it is proposed that the functionality be combined such that:

· “NST only” H-ARQ processes can only be used for NST

· “ST only” H-ARQ processes can only be used for ST

This way, the delay and jitter requirements of delay-sensitive traffic can still be met by having “NST only” H-ARQ processes. Furthermore, the use of both “NST only” and “ST only” H-ARQ processes will also allow the utilisation of HW resources at the Node B to be maximised. This is because processes can only be used by either NST or ST and not by both. The use of “ST only” processes also ensures that ST process starvation does not occur, i.e. NST cannot monopolise all available H-ARQ processes.

Another advantage of this proposal is that S-RNC will only have to define which H-ARQ processes are “NST only”, as processes that are not “NST only” are by default “ST only”. With the current mechanism of reservation and restriction, S-RNC must define “NST reserved” and “NST restricted” processes separately.

The relationship of “NST only” and “ST only” H-ARQ processes with ST and NST MAC-d flows and with the Node B HW resource allocation is shown in the following table:
	Logical Channel
	#1
	#2
	HW resource allocation

	MAC-d flow
	MAC-d #1
	MAC-d #2
	

	NST/ST?
	NST
	ST
	

	H-ARQ process #0
	NST only: Can be used
	Cannot be used
	NST

	H-ARQ process #1
	NST only: Can be used
	Cannot be used
	NST

	H-ARQ process #2
	NST only: Can be used
	Cannot be used
	NST

	H-ARQ process #3
	NST only: Can be used
	Cannot be used
	NST

	H-ARQ process #4
	Cannot be used
	ST only: Can be used
	ST

	H-ARQ process #5
	Cannot be used
	ST only: Can be used
	ST

	H-ARQ process #6
	Cannot be used
	ST only: Can be used
	ST

	H-ARQ process #7
	Cannot be used
	ST only: Can be used
	ST


Table 3: “NST only” and “ST only” H-ARQ processes

3. 10ms TTI H-ARQ Restriction and Reservation

For 10ms TTI H-ARQ processes, it is proposed that no restriction or reservation is required due to the small number of available H-ARQ processes compared with 2ms TTI.
NST with strict delay and jitter requirements would be more suited to 2ms TTI rather than 10ms TTI. However, if NST is used with 10ms TTI, for conversational type traffic with a 20ms packet inter-arrival time, this means that every other H-ARQ process must be available for NST. To ensure the delay and jitter requirements are met for this traffic class, these 2 processes must be “NST only” (or “NST reserved”), leaving only 2 processes available for ST. If re-transmissions are considered for NST, even more processes must be “NST only” (or “NST reserved”), risking ST process starvation.
As for maximising the HW resource utilisation, because there are 4 H-ARQ processes for 10ms TTI compared with 8 for 2ms TTI, the HW resource impact is not as severe as the 2ms TTI case. Therefore, for 10ms TTI, the gain of maximising HW resource utilisation by setting aside some processes for ST only is not so significant.
4. Conclusion
This contribution proposes to simplify the 2ms TTI H-ARQ process handling mechanism by combining the reservation and restriction method. So instead of being able to set each H-ARQ process as “NST restricted” and/or “NST reserved”, each H-ARQ process can either be used for NST or ST, but not both.
For 10ms TTI, it is proposed that no reservation or restriction scheme is required due to the small number of H-ARQ processes available for this TTI.
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