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1 Introduction

A study item for further EUL enhancements was approved in RAN plenary #57 [1]. One of the objectives for this study is enabling high user bitrates in a mixed-traffic scenario, meaning e.g. more efficient method to utilize higher rise over thermal conditions. One candidate scheme enabling higher bitrates is TDM scheduling and initial simulation results were presented in [4] together with discussion on signalling changes required for faster user scheduling. In this contribution we evaluate further the performance of the signalling solution candidates discussed in [4].
2 Signalling schemes for scheduling
TDM scheduling was discussed in RAN1 #74 with the following conclusion:
Conclusion: The objective is to evaluate TDM operation enabled by standard modifications against the ‘best possible’ TDM scheme allowed by the existing standard. Text proposals for concept descriptions and evaluation results are invited for RAN1#74bis. The new schemes should not preclude scheduling more than one UE at a given time to be able to fill the available RoT headroom in power/buffer limited situations and to be able to benefit from IC receivers.
TDM scheduling and possible signalling methods have already been discussed in [2] and [3]. Use of time limit indication is proposed in [2]. In this method time limit for grant needs to be either signalled in grant channel or pre-configured. Another proposal is new way of interpreting E-AGCH presented in [3], where each UE assumes that if it did not receive grant i.e. decoding of E-AGCH failed then the UE does not have the grant anymore until new grant is signalled.
An alternative proposal for TDM scheduling signalling was presented in [4] separating the link adaptation from the scheduling information. The link adaptation which corresponds to granted transmission power can still be signalled using legacy methods utilizing E-AGCH or E-RGCH but new signalling method is required to signal the allocation of subframes for specific UEs. From this on we call such signalling Fast Scheduling Grant (FSG) in this paper. When fast scheduling grant is used the UE follows the serving grant value signalled using legacy methods but transmits data only when it has received FSG showing that the UE has permission to transmit in the particular TTI. The FSG does not necessarily have to signal scheduling grant only for one TTI at a time but it can actually be combined with the earlier proposals. 
As explained in [4] FSG can be signalled e.g. by re-using either E-AGCH or E-RGCH. Re-using E-RGCH as illustrated in Figure 1 seems more favourable. In this method a new signature should be reserved for the FSG for each UE. This signature could be in the same code channel as the legacy E-RGCH. Benefits of this signalling are obvious, it does not require UE to receive a new code channel and it does not require transmitting E-AGCH any more often as in legacy system. Also there is no unnecessary data to be transmitted; signatures for UEs that are not actively allocated are not transmitted. 
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Figure 1. Re-using E-RGCH for fast scheduling grant
Simplest form of FSG is such that if a UE is scheduled, the FSG signature is transmitted mapped to symbol “1”. If a UE is not scheduled, the FSG signature is transmitted mapped to symbol “DTX”. Upon detecting the FSG symbol equal to “1” the UE can then start transmitting TTIs. In the most dynamic case each TTI is scheduled separately but alternative approach can be used for less dynamic scheduling where grant is applicable to a UE for a pre-determined time. However, since the E-RGCH signature only carries one information bit the duration would need to be configured by higher layers. 

Another possible approach is switching grant on and off by still using the same FSG signalling. This can also be easily obtained by using ternary signalling structure in the legacy E-RGCH. Interpretation of the transmitted signal can be e.g.:
· ‘1’ scheduling grant given to UE

· ‘-1’ scheduling grant cancelled

· ‘DTX’ no change in grant

Benefit of this scheme compared to the one in [3] is that additional E-AGCH DTX detection is not required in UE. Also supporting more than one scheduled UE at the time does not require any extra channelization code allocation. Different operating point, i.e. missed detection target, compared to E-RGCH may be desirable for the efficient system operation but can be achieved as shown in the following section. Another drawback is that switching scheduling grant off arbitrarily using signalling as in [3] is slightly more complicated. Additional FSG needs to be signalled separately but due to low overhead that may not be a problem. Further comparison of grant on/off schemes is shown in Table 1 in terms of resource usage perspective. The E-AGCH based scheme from [3] could require more frequent E-AGCH transmission increasing power consumption of the E-AGCH channel. Also more channelization codes would be needed if more than one UE would be scheduled simultaneously. The E-RGCH FSG based scheme would consume one more signature for each UE but as the capacity of single E-RGCH code channel is relatively high overall code consumption is not impacted while still being able to support feasible amount of UEs.
Table 1. Resource comparison of grant on/off schemes
	Resource
	Legacy scheme
	TDM scheme

(E-AGCH based)
	TDM scheme 

(E-RGCH FSG based)

	AGCH
	1 code channel

Only for grant update.
	At least 1 code channel

Grant update and scheduling indicate more activity. If more than one UE is scheduled at a time more codes are needed.
	1 code channel

Only for grant update.

	RGCH/HICH
	1 code channel, 

Supports 20 UEs (1 RGCH, 1 HICH per UE) 
	1 code channel,

 Supports 20 UEs (1 RGCH, 1 HICH per UE)
	1 code channel,

Supports 13 UEs (1 RGCH, 1 HICH, 1 FSG per UE)


3 Simulations
In this section we evaluate the performance of E-AGCH and E-RGCH in the FSG perspective. Simulations results for E-AGCH and E-RGCH error rates are shown in Figure 2, Figure 3 and Figure 4 for AWGN, Vehicular A and Pedestrian A channel profiles, respectively. Other simulation assumptions can be found from the appendix.  The Simulations assume 2ms E-DCH TTI and only one radio link, i.e. E-RGCH is assumed to be transmitted from serving cell. This is assumed to be the most interesting case for TDM scheduling. Performance requirements in 25.101 for HSUPA downlink channels are defined for ITU Vehicular A channel hence it is used as one simulations case.
Performance requirements in 25.101 for 2ms serving E-RGCH are assuming quite low operation point and hence required error rate for missed hold is 10% and missed up/down 5%. However, simulations show that 1% error rate for both can be obtained by using very low Ec/Ior values and thus low overhead. It must be noted that when E-RGCH is re-used for FSG signalling typically only one or two UEs are scheduled at the same time and number of simultaneously transmitted FSG signatures is low. There is no need to transmit signatures used to transmit FSG to the UEs that are not scheduled. Assumptions have been different when HSUPA downlink channel performance requirements have been specified and hence lower overhead is desirable there.
As can be seen Ec/Ior required to obtain 1% error probability is 4-5 dBs lower for E-RGCH than E-AGCH. If FSG is signalled separately for each TTI then it means re-using E-RGCH would be beneficial compared to E-AGCH scheme if transmission of packet requires in average less than three TTIs. However, if FSG on/off signalling scheme is used then the E-RGCH solution becomes more efficient despite the fact that also the FSG off needs to be transmitted. This can be observed from Figure 5 where further comparison in Pedestrian A channel is made by calculating average power consumption over x TTIs with following assumptions: 
· AGCH predefined duration: scheduling of single UE lasts x TTIs during which single AGCH TTI is transmitted.

· RGCH predefined duration: scheduling of single UE lasts x TTIs during which single RGCH FSG is transmitted.

· RGCH on/off: scheduling of single UE lasts x TTIs during which RGCH FSG on and FSG off are transmitted.

· AGCH dynamic: AGCH TTI needs to be transmitted in every subframe because scheduled UE is changed.

· RGCH dynamic: RGCH FSG needs to be transmitted in every subframe because scheduled UE is changed.
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Figure 2. Performance of E-AGCH and E-RGCH in AWGN channel.
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Figure 3. Performance of E-AGCH and E-RGCH in Vehicular A channel.
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Figure 4. Performance of E-AGCH and E-RGCH in Pedestrian A channel.
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Figure 5. Comparison of average power consumption.
4 Conclusion

In this paper we have discussed more flexible signalling solutions for TDM scheduling and shown simulation results of E-RGCH and E-AGCH channels illustrating performance obtained by using some proposed solutions. Simulations show that low error rates for E-RGCH can be obtained with reasonable overhead and that the E-RGCH based solution is providing lower overhead compared to E-AGCH based solution. Also E-RGCH based solution is providing more flexible support for several simultaneously scheduled UEs and does not require additional DTX detection for E-AGCH. 
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6 Appendix: Simulation Parameters
Table 1 Simulation assumptions
	Parameter
	Value

	Number of samples per chip
	1

	Propagation conditions
	AWGN

Pedestrian A

Vehicular A

	CPICH_Ec/Ior
	-10dB

	P-CCPCH_Ec/Ior
	-12dB

	PICH_Ec/Ior
	-15dB

	Channel Estimation
	Realistic

	UE Receiver Type
	1Rx Rake

	MAI
	As specified in 25.101

	E-DCH TTI
	2 ms

	E-RGCH channelization code
	19

	E-RGCH UP/DOWN/HOLD command proportions
	40/40/20%

	E-RGCH missed HOLD target
	1 %
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