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Uplink allocation strategies for RTTI TBFs

1. Introduction

With the definition of Reduced TTI [1], some rules need to be defined for the allocation of uplink radio blocks. In this contribution, some issues regarding the allocation of uplink radio blocks for RTTI TBFs will be discussed. Some of the proposals will be focused in particular to the case of VoIP, which is one of the main services for which the use of RTTI TBFs is envisaged.

2. Flexible Timeslot Assignment for RTTI TBFs

In [3], a proposal has been made to change the way that Extended Dynamic Allocation works. In particular, it has been proposed to increase the flexibility of the allowed multislot configurations by removing in TS 45.002 the restriction that the parameter “Sum” of the MS multislot class applies to the mobile station’s timeslot assignment. Instead, it was suggested that the parameter “Sum” should refer to the allocation. In other words, during the assignment phase more than “Sum” UL+DL timeslots could be assigned to the mobile station (but still respecting the constraints on Rx and Tx for the MS multislot class), with the additional constraint that “Sum” would need to be respected only on a dynamic basis (i.e. within every TDMA frame). 

The proposed enhancement, referred to as “Flexible Timeslot Assignment”, has been endorsed by GERAN. Corresponding CRs to TS 45.002 and TS 44.060 were presented at GERAN#32 but postponed; they are now represented at GERAN#33 [4]

 REF _Ref158463650 \w \h 
[5]. Note that the current proposal is that Flexible Timeslot Assignment can be used only with Extended Dynamic Allocation [4].

Although Flexible Timeslot Assignment (FTA) is a general enhancement for Rel-7, it will be particularly useful in case of TBFs using RTTI configurations. If RTTI TBFs are assigned without FTA then, due to the requirement to assign timeslots in pairs, the only possible assignments (for a type 1 MS in a single carrier configuration) would be:

· 2 DL + 2 UL

· 4 DL + 2 UL (requires Multislot Class 31)

· 2 DL + 4 UL (requires Multislot Class 33)

Switching among different configurations would require explicit signalling from the network.

With FTA, additional assignments will be possible. For instance, 4 DL + 4 UL assignments will be possible, as shown in Figure 1.
Then, the parameter “Sum” (and the switching requirements) will have to be respected on a dynamic basis, so, for a multislot class 33 mobile, the maximum instantaneous allocations will still be 4 DL + 2 UL or 2 DL + 4 UL.
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Figure 1. 4 DL + 4 UL Assignment for a RTTI TBF.

3. Allocation strategies for RTTI TBFs

For RTTI TBFs there are two possibilities for the transmissions of the USF.

· In the first alternative, the USF is transmitted in two consecutive frame periods on a PDCH pair, i.e. using the four bursts belonging to one RTTI radio block, as shown in Figure 2. This is possible if only Reduced TTI TBFs are multiplexed on those PDCHs, i.e. if a PDCH pair is assigned to only support RTTI TBFs. By doing so, the USF is transmitted in 10 ms.

· The alternative possibility is that an RTTI USF is mapped on four consecutive bursts transmitted on one PDCH, i.e. two bursts belongs to one RTTI radio block while the other two bursts belong to another RTTI radio block. This mapping allows for multiplexing basic TTI and reduced TTI TBFs on same PDCH, and requires 20 ms for the transmission of the USF.

Note that at present only the second alternative has been included in [1], even though it has been agreed that first alternative should be supported as well [2]. In this document, the first alternative is assumed.

The rules for the allocation of uplink radio blocks (in other words how the mobile responds to an assigned USF) in the case of RTTI TBFs need to be defined. One possibility is to extend the current rules of EDA to RTTI TBFs, so that they work on a timeslot pair rather than a single timeslot, as outlined in Figure 2. This means that if the USF is set in the first DL timeslot pair, both the first and the second UL timeslot pairs will be allocated in the next radio block period, while the MS will only be able to monitor the first DL timeslot pair in that radio block period; on the other hand, if the USF is set in the second DL timeslot pair, only the second UL timeslot pair will be allocated in the next radio block period, and the mobile will be able to monitor and receive on both DL timeslot pairs in that radio block period. This allocation strategy could be referred to as “pair-wise EDA” or “RTTI EDA”.
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Figure 2. Maximum allocations with a 4 DL + 4 UL assignment when using “pair-wise EDA”.
a) USF set in the first DL timeslot pair.
b) USF set in the second DL timeslot pair

All the possible “UL & DL allocations” with a 4 DL + 4 UL assignment are summarized in Table 1. 

	UL\DL
	00 00
	00 11
	11 00
	11 11

	00 00
	Yes
	Yes
	Yes
	Yes

	00 11
	Yes
	Yes
	Yes
	Yes

	11 00
	No
	No
	No
	No

	11 11
	Yes
	No
	Yes
	No


Table 1. Possible allocations with a 4 DL + 4 UL assignment when using “pair-wise EDA”.
The table shows that the first UL timeslot pair can never be allocated on its own, but only together with the second UL timeslot pair. This is due to the principles of EDA. But this could put some limitations on the scheduling of UL resources, as further discussed in Section 4.

One additional possibility for the scheduling of RTTI TBFs would be to use the possibilities enabled by Flexible Timeslot Assignment but, instead of using EDA operation, extending the rules for Dynamic Allocation.

Figure 3 defines how different allocations would be performed with a 4 DL + 4 UL “flexible” assignment: if the USF is only set in the first DL timeslot pair, only the first UL timeslot pair will be allocated in the next radio block period (according to DA rules); on the other hand, if the USF is only set in the second DL timeslot pair, only the second UL timeslot pair will be allocated in the next radio block period. Only if USFs are set in both the first and the second DL timeslot pairs, both UL timeslot pairs will be allocated. This new allocation strategy could be referred to as “pair-wise DA” or “RTTI DA”.

There is however one difference with normal DA operation. With the way that DA is currently defined, in every block period the MS must be able to monitor the USF for ALL assigned uplink timeslots regardless of how many uplink timeslots have been allocated during that block period (note that this is possible only if up to 2 uplink timeslots have been assigned to the mobile station). Under the proposed extension of DA to RTTI TBFs (as described above) this would not be possible: if the mobile station is allocated the first uplink timeslot pair, it would only be able to monitor the first DL timeslot pair in that radio block period, but not the second. This constraint is similar to the one for Extended Dynamic Allocation. On the other hand, if only the second UL timeslot pair is allocated to the MS, there are no restrictions on monitoring both DL timeslot pairs during that radio block period (normal DA behaviour).
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Figure 3. Maximum allocations with a 4 DL + 4 UL assignment when using “pair-wise DA”.
a) USF set in the first DL timeslot pair.
b) USF set in the second DL timeslot pair
c) USF set in both the first and the second DL timeslot pairs
(assuming the UL allocation is such that the MS can monitor the USF in both DL timeslot pairs)

All the possible “UL & DL allocations” with a 4 DL + 4 UL assignment when using DA are summarized in Table 2.

	UL\DL
	00 00
	00 11
	11 00
	11 11

	00 00
	Yes
	Yes
	Yes
	Yes

	00 11
	Yes
	Yes
	Yes
	Yes

	11 00
	Yes
	No
	Yes
	No

	11 11
	Yes
	No
	Yes
	No


Table 2. Possible allocations with a 4 DL + 4 UL assignment when using “pair-wise DA”.
The table shows that there is a higher flexibility in the scheduling of UL resources, in particular the network has the possibility to schedule the two UL timeslot pairs independently.

It is Siemens Networks’ view that both allocation strategies should be defined in the specifications for RTTI TBFs.

4. Benefits of proposed allocation strategy for VoIP

In [6] some preliminary results for VoIP - when using Latency Reduction features including RTTI -were shown. Also the channel utilization, i.e. the average number of timeslots needed to support a VoIP call, was evaluated. Results spanned from 0.55 (for fairly good radio conditions, were higher MCSs could be used and less retransmissions were needed) to about 1.33 (in bad radio conditions, were lower MCSs and more retransmissions were needed).

A channel utilization of 1.33 means that the 2 timeslots of an RTTI timeslot pair are each characterized by an individual utilization of 67%. This also means that by reserving only one timeslot pair to the VoIP service it would probably not be possible to allocate more than one VoIP call at a time. On the other hand, with 2 timeslot pairs (4 timeslots) it would be possible to handle at least 3 VoIP calls, assuming the pessimistic scenario where all the users experience bad radio conditions and no DTX functionalities are exploited. In the case where all the users experience better radio conditions (i.e. a channel utilization of 0.55, according to [6]), with 4 timeslots it would be possible to handle up to 7 VoIP calls (without exploiting DTX).

But achieving this spectral efficiency would only be possible if 4 DL + 4 UL assignments were possible, i.e. if FTA were used. In addition, full flexibility in scheduling of UL resources, meaning the possibility to schedule the two UL timeslot pairs independently, would be required. And this would be possible by using FTA with “pair-wise Dynamic Allocation”.

Figure 4 shows an example where 4 DL + 4 UL timeslots are assigned to 3 different MSs/TBFs and where “pair-wise Dynamic Allocation” is assumed. The example shows the scenario where MS1 needs more resources than MS2 and MS3 in the DL (i.e. on average a whole timeslot pair), while in the UL MS2 is the one with higher requirements.
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Figure 4. Example of 4 DL + 4 UL assignment to 3 different MSs and use of “pair-wise DA”.
The new allocation strategy proposed in the paper, which is enabled by FTA, would make the VoIP operation more efficient.

5. Changes to the specifications

With the introduction of FTA in the GERAN specifications (see [4] for TS 45.002 and [5] for TS 44.060) as a general enhancement for Rel-7, no significant impact is expected to allow flexible timeslot allocations for “pair-wise EDA”, while some additional changes will be required to TS 44.060 to allow the introduction of “pair-wise DA”. 

In particular, in subclause 8.1.1.1 (dealing with Dynamic Allocation) a sentence would have to be added similar to the one already present in subclause 8.1.1.2.1 (applicable for Extended Dynamic Allocation). The sentence could read as follows:

“For Reduced TTI TBFs, when all the assigned timeslots in downlink and uplink cannot be simultaneously allocated (i.e. when Flexible Timeslot Assignment is used), the mobile station shall, during a block period in which it has been granted permission to transmit, monitor for the assigned USF the downlink PDCH pairs corresponding to its assigned uplink PDCH pairs starting with the lowest numbered assigned PDCH pair up to the highest numbered PDCH pair which the mobile is able to monitor, taking into account the PDCH pairs allocated for transmission in the block period and the switching requirements of the mobile station multislot class (see 3GPP TS 45.002). Whenever the mobile station detects an assigned USF value on a downlink PDCH pair corresponding to an assigned uplink PDCH pair, the mobile station shall transmit either a single RLC/MAC block or a sequence of four RLC/MAC blocks on the same PDCH pair for that TBF.”.

Note that the last sentence is valid only if USF_GRANULARITY is defined also for RTTI TBFs.

6. Conclusions

In this contribution, methods for the allocation of uplink radio blocks for RTTI TBFs have been proposed. In particular “pair-wise DA” will be particularly useful to increase the efficiency of VoIP services provided over the GERAN.

It is requested that the proposal is discussed by GERAN.
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