3GPP TSG-RAN WG1 Meeting #74bis
R1-134831
Guangzhou, P. R. China, 7th – 11th October 2013
Agenda item:

6.5.1
Source:
Broadcom Corporation
Title:
TP on TDM Scheduling Solutions
Document for:

Discussion 

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.

In this contribution we provide text proposal on signalling solutions for TDM scheduling to the technical report [2]. Text proposal is based on contributions in [3], [4], [5], [6] and [7].
2 Text Proposal
---------------------------------------------------------------- Text Start ----------------------------------------------------------------
5.4.3
Grant handling

5.4.3.1
Analysis
The motivation for introducing a grant handling enhancement is to avoid the drawbacks with operating a bursty high data rate traffic using legacy E-AGCH channel. The main drawbacks are:
· The need for signalling two E-AGCH’s, one for starting and one for stopping data transmissions, which is explained in detail below.

· Serious consequences for missed detection of the terminating grant.

-
Flexibility, e.g. ability to operate without TTI gaps between users.
The TDM scheduling can be realized in the currently working system, however the signalling overhead is significant. To begin the TDM operation all but one UE in a cell have to receive the ZERO-grant command.  It is assumed that in the TDM mode the Node B has to nominate one UE which will transmit for the next period, while the UE transmitting in the previous period has to be informed that it has to stop the transmission. For that 2 commands have to be issued:

1. E-AGCH with either ZERO, INACTIVE

2. E-AGCH with Absolute Grant Value for a UE nominated to transmit in the next period.
The signalling message flow required to perform the TDM operation is presented in Figure x1. 
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Figure x1.  Legacy grant signalling for the TDM operation.

The main disadvantage of this approach is that after sending the ZERO-grant to currently transmitting UE one TTI is lost (no UE transmitting with a high bitrate in the next TTI) before the next UE receives and applies new absolute grant. This reduces gains coming from the TDM scheduling. Reversing steps 1 and 2 would lead to a situation where two UEs transmit simultaneously with high grants for at least one TTI before one of them receives and applies the ZERO-grant. This would cause very high interference for both transmissions and also to the neighbouring cells. 

5.4.3.2
Solutions

To avoid the drawbacks with the legacy Absolute Grant signalling following alternatives could be considered: 
· Time limited grants: A new E-AGCH-like grant channel, for enabling time limited grants
· Grant detection: A new grant signaled to one UE to implicitly, by means of detecting a message with incorrect CRC on the grant channel, be interpreted as a stop-command for the other UE(s) currently actively transmitting.

· Fast scheduling grants: A new E-RGCH-like grant channel for separating scheduling from  link adaptation. 
· New E-AGCH timing for deactivation: A new timing for E-AGCH based grant deactivation enable the granted UE to be switched without a gap in transmission by using only one E-AGCH channel.
In addition, considering more than one UE may need to be scheduled 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, design options should consider to support more than one UE scheduled at a given time.
5.4.3.2.1 Time limited grant
A Time-Limited Grant (TG) is similar to an Absolute Grant (AG) but with an addition field indicating the number of TTI for which the grant is valid. The main purpose is to avoid the scheduling gap mentioned above for the baseline Absolute Grant.
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Figure. x2. An example illustrating the use of TG for allocating transmission occasions in TDM operation.
Figure. x2 shows a simplified example of how a 4-TTI TG works. The network listens to the SI sent by the UEs when data transmission begins to decide which UE should be given a TG. TGs are then sent on the new grant channel, labeled as E-TGCH. For UE 1 in the figure, the TG is not renewed by the network, possibly due to a low buffer status. The TG of UE 2 is also not renewed because UE 3 has arrived and it needs to be prioritized in the scheduling. Note that some or all of the UEs may be given a TG of a longer or shorter duration depending on the need.

Unintended or unexpected transmissions or retransmissions in TDM operation can lead to collisions that are not resolved until HARQ failures occur for the UEs. When regular AGs are used, unexpected transmissions can result from missed detection of a transmission-terminating AG (e.g., the ZERO_GRANT) Unexpected retransmissions can be due to missed ACKs on the E-HICH or missed detection of a prior E-DCH transmission or re-transmission. For these reasons, in addition to the use of TGs for first transmissions, HARQ retransmissions are proposed to be granted using a TG.
The grant handling for retransmission can be more complicated than the example given in Figure. x2 When switching between two UEs, as it is the case between UE 2 and 3 above, the network cannot grant a particular TTI to a new UE until it is sure that the previous UE will not perform a HARQ retransmission. The network can either prioritize a retransmission by granting the new user one TTI at a time or it can delay a retransmission until the next occasion. In the case that the UE does not receive a grant for a retransmission, to simplify the handling, the UE considers the retransmission executed, i.e., increment the RSN by 1 and keep the data in the HARQ buffer according to the baseline. Figure x3 shows the timing relation of the baseline E-AGCH with respect to the E-DCH. The same timing relation is proposed for the new grant channel.


[image: image3]
Figure. x3 Timing of the E-AGCH and the new grant channel with respect to the E-DCH and related channels.

In Figure x3 a TG is transmitted at (SFN, subframe) = (0, 0), which triggered 4 TTIs of data transmissions from (0, 0) to (0, 3) on the E-DCH. If not ACK’ed, the data will have to be retransmitted, in (1,3) to (2,1). Note that the HARQ feedback for the previous data transmission for a HARQ process and the grant for the next transmission for the same HARQ process have the same timing so that it is possible for the network to decide whether to grant a retransmission or a new transmission for another UE.

As mentioned, the design of the new grant channel follows that of the E-AGCH with the same channel structure and the same timing relations. Since the TDM operation is often intended for higher rates, fewer bits are needed to signal the grant value. The saved bits can then be used for signalling the grant duration. Thus the only change required is the re-interpretation of the bits sent on the E-AGCH.
5.4.3.2.2 Grant detection
In HSUPA all active UEs monitor the E-AGCH channel. When a transmission occurs each UE tries to decode the grant message by performing a CRC check with its E-RNTI. If a UE successfully decodes the grant it starts the grant update procedure. It is proposed that all other TDM UEs who receive an E-AGCH transmission which is not intended for them (the CRC check fails) automatically set their Serving Grants to zero. This way a single E-AGCH command would provide an absolute grant for one UE and at the same time “silence” other UEs in the cell. The mentioned E-AGCH channel for TDM UEs could be transmitted using dedicated OVSF code. This would ensure that grant signalling to legacy UEs would not interfere with the described approach. 
 The proposed solution saves signalling overhead as only one signalling message is needed every scheduling period. It also solves the problem of lost TTI between steps 1 and 2 in the Figure x1. The solution doesn’t require new signalling channel design. Instead, the legacy E-AGCH channel can be used.  

This raises a question whether a reliable detection of the E-AGCH transmission dedicated to another UE is possible without knowing the E-RNTI of that UE. Two errors that might occur are false alarm (UE detects the E-AGCH which is not present) and missed detection (UE doesn't detect the valid E-AGCH transmission). A simple link level simulation has been performed and is shown in Appendix X.X. The simulations prove that the E-AGCH presence can be detected with high probability by other means than the CRC check. 
One potential disadvantage of Grant Detection is scheduling only one UE at the time. In some cases a single UE may not be capable of utilizing whole RoT budget. That would lead to underutilization of resources unless another UE is scheduled at the same time to fill the remaining RoT margin. Scheduling of more than one UE can also help to utilize the capability of the successive interference cancelling receivers. One solution to this problem is to use the legacy E-AGCH to schedule additional UE(s). As mentioned before, the TDM operating UEs could use the E-AGCH channel transmitted on a dedicated OVSF code to allow coexistence with the legacy scheduling. It means that new UEs could monitor both new and legacy E-AGCHs and use also the legacy one to receive additional grants. The legacy E-AGCH cannot operate in the Grant Detection mode but it would be used only to provide additional flexibility to the Grant Detection scheme. A simplified illustration for this operation is presented below.
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Figure x4. Scheduling multiple UEs using Grant Detection and legacy E-AGCH.

Figure x4 presents example operation of a cell with 4 TDM UEs. When UE4 receives an Absolute Grant sent using the E-AGCH on a dedicated OVSF code it uses the grant value to update its Serving Grant and starts the transmission with the updated power level. Simultaneously other UEs detect this message being sent without decoding it and automatically stop their transmissions. Additionally, UE2 is scheduled using the legacy E-AGCH scheduling. This grant is sent using the legacy E-AGCH so it doesn’t stop the transmission of UE4. When the NodeB scheduler decides to schedule next UE it uses the Grant Detection channel again. This approach saves signalling overhead as there is no need to prolong the Absolute Grant in every TTI in which a UE is supposed to transmit. The grant is sent only once per scheduling period per UE so the longer the scheduling period the more overhead is saved. Another advantage of this solution is that the scheduler doesn’t have to know the scheduling period when assigning a grant to a UE. The NodeB can decide very dynamically on switching UEs taking into account instantaneous buffer and interference situation.  
5.4.3.2.3 Fast Scheduling Grant
An alternative proposal for TDM scheduling signalling is 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). 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 other proposals on improved grant handling. 

FSG can be signalled e.g. by re-using either E-AGCH or E-RGCH. Re-using E-RGCH as illustrated in Figure x5 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 x5. 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

A benefit with this scheme is that 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 and it can be achieved as shown by the evaluation in the Appendix X.X. 
5.4.3.2.4 New E-AGCH timing for deactivation

Shown in Figure x6, AG for UE1 deactivation will take effect in E-DCH TTI1. AG for UE2 activation will take effect in E-DCH TTI2. Therefore, a gap in E-DCH TTI1 is introduced. 
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Figure x6 gap description using legacy E-AGCH
In order to solve the time gap problem described above, we redefine the E-AGCH taking effect time when it is used for deactivation. E-AGCH used for deactivation UE takes effect one TTI earlier than its legacy time. As shown in Figure x7, AG for UE2 activation takes effect in E-DCH TTI1, the same timing with legacy. AG used for UE1 deactivation takes effect in E-DCH TTI1 too, one TTI earlier than its legacy time TTI2. By using this new timing, there is no gap between users when switching happens.

In addition, deactivation requires no data preparation (such as E-TFC selection, transport channel processing etc) in UE side, thus the proposed scheme has very little influence on the UE process capability.
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Figure x7 new E-AGCH timing for deactivation
Due to this scheme the timing specified in TS 25.214 will be changed.

Currently one UE can only be configured by one E-AGCH channel. However, NodeB can configure more than one E-AGCH channels to support more than one UE. If only one new UE is activated in one TTI and other activated UEs still remain activated, only one E-AGCH is needed to support multiuser scheduling. Moreover, when more than one new UE are activated at the same time, more E-AGCH channels are needed to support multiuser scheduling. This is a simple method to support multiuser in TDM scheduling. 

The TDM scheduling is supported when Multi- E-AGCHs are used and meanwhile new E-AGCH timing is used. 


----------------------------------------------------------------- Text Omitted------------------------------------------------------------
Annex X:
Simulation results
X.X
Grant handling simulation results

X.X.X
Grant detection

The approach used to detect the grant transmission is described below:

· Decode the E-AGCH irrespectively of its actual presence in the received signal

· Without passing the CRC check and irrespectively of  E-AGCH decoding success perform E-AGCH coding and mapping on decoded signal

· Calculate cross-correlation between the obtained signal and the received signal.

· The detection threshold is selected to provide fixed, admissible false alarm probability of 1%.

· The missed detection probability is measured as a function of the RX Ec/No
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Figure x8. E-AGCH BLER and missed detection presented as a function of RX Ec/No in AWGN channel

Figure x8 depicts the missed detection probability and BLER of E-AGCH channel as a function of Rx Ec/No for the false alarm probability of 1%. Assuming that the E-AGCH power is high enough to be decoded by all UEs in the sector with the BLER of 1% , corresponding to -23dB RX EcNo, the missed detection probability will be below 0.1%. In this range of RX Ec/No the missed detection probability is 10 times lower than the probability of not decoding E-AGCH correctly. Thus, it can be concluded that presented TDM operation improvement can work with very high reliability. 
X.X.X
Fast Scheduling Grant
Example of performance evaluation of E-AGCH and E-RGCH in the FSG perspective is shown in figure x9. The evaluation assume 2ms E-DCH TTI and only one radio link, i.e. E-RGCH is assumed to be transmitted from serving cell and hence corresponding E-RGCH coding is used. 2ms TTI is assumed to be the most interesting case for TDM scheduling.

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. Aforementioned applies only to separate FSG signalling and does not take changing power grant into account.

[image: image9]
Figure x9. Performance of E-AGCH and E-RGCH in Pedestrian A channel.
----------------------------------------------------------------- Text End -----------------------------------------------------------------
3 Conclusion

In this contribution we have provided text proposal on signalling solutions for TDM scheduling which we propose to be included in the technical report [2]
4 References

[1] RP-130347, Study on Further EUL Enhancements, 3GPP Work Item Description
[2] R2-133684, Study on Further EUL Enhancements TR 25.700 v0.4.1, Ericsson (Rapporteur)


[3] R1-131556, Physical Layer Considerations for Dedicated Secondary Carrier, Ericsson, ST-Ericsson
[4] R1-132519, Considerations on efficient TDM scheduling, Nokia Siemens Networks
[5] R1-134754, Further Considerations on Efficient TDM Operation for HSUPA, Nokia Siemens Networks
[6] R1-134474, Signalling solutions for TDM scheduling, Renesas Mobile Europe Ltd
[7] R1-134696, Considerations of efficient TDM scheduling, Huawei, HiSilicon
[image: image10.png]P-CCPCH

F-DPCH

UL DPCCH
2-ms E-DCH

2-ms E-HICH

2-ms E-TGCH
(E-AGCH)

Topcn

2 slot

[

=04 slot

4-7 slot

[E3174129]27]



[image: image11.png]error rate

1.00E+00

1.00E-01

1.00E-02

1.00E-03

PedA 3km/h, G=10dB

—e— E-AGCH BLER

—m— E-RGCH missed hold
E-RGCH missed down
E-RGCH missed up

N
N N
e re
-30 -28 -26 -24 -22 -20

Ec/lor [dB]




_1441375654.vsd
 


 


 


 


 


 


 


 


 


 


 


 


 


 


SFN=1


SFN=2


SFN=3


 


 


AG for UE1


AG for UE2


 


 


 


 


 


 


 


 


 


 


 


P-CCPCH


E-AGCH


E-DPDCH
For UE1


0


1


2


3


4


0


1


3


4


2


 


 


UE1 activation


UE2 activation


E-DPDCH
For UE2


1


2


0


UE1 deactivation


0


1


2


3


4


3


4


gap


UE2 activation


deactivation



_1441538683.vsd
 


 


 


 


 


 


 


 


 


 


 


 


 


 


SFN=1


SFN=2


SFN=3


 


 


AG for UE2


AG for UE1


 


 


 


 


 


 


 


 


 


 


 


P-CCPCH


E-AGCH


E-DPDCH
For UE1


0


1


2


3


4


0


1


3


4


2


 


 


UE1 activation


UE2 activation


E-DPDCH
For UE2


1


2


0


0


1


2


3


4


3


4


UE2 activation


UE1 deactivation


deactivation



