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GERAN Evolution – Considerations on Reduced TTI

1 Introduction
Reduced TTI is proposed in GERAN to reduce latency [1]. This document analyzes some potential issues highlighted in [2].
2 Reduced TTI analysis
The following parts are analyzed in this document:

· Um and Abis
· USF decoding
· DL Ping

· UL Ping
· RLC retransmission

· Radio resource management
· Radio performance
2.1 Um and Abis
The Transmission Time Interval (TTI) on the radio interface is currently 20 ms in GERAN. The same TTI is typically also used on the proprietary Abis interface but the implementation may vary between vendors. As examples it is possible to implement packet switched transmission or circuit switched transmission with lower TTI than 20 ms. The downlink flow for an incoming data packet with 20 ms TTI on the Abis and radio interfaces is depicted in Figure 1.
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Figure 1. Downlink transmission of a single RLC data block with 20 ms TTI.
The transfer delay BSC->MS in Figure 1 is:

· 0-20 ms Um slot wait time (TBF established)
· 20 ms BSS buffers

· 20 ms transmission on the Abis interface

· 20 ms transmission on the radio interface
· Total: 60-80 ms
Reduced TTI (4 bursts transmitted in either 10 ms or 5 ms) is proposed for the radio interface in GERAN to reduce latency. In line with what is depicted in Figure 1, a modified Abis implementation is also preferred in order to fully utilize the possibilities with Reduced TTI. This can be done by implementing packet switched transmission or circuit switched transmission with Reduced TTI.

For a circuit switched solution with 10 ms TTI on the Abis interface, the PCU will schedule a radio block on Abis 10+ ms before it shall be sent on the radio interface. As an example, a circuit switched solution with 10 ms TTI can be achieved by merging two timeslots’ bandwidth on the Abis interface. All blocks sent on these timeslots (both with 10 ms TTI and 20 ms TTI on the radio interface) will then be sent with 10 ms TTI on the Abis interface and there would be no need to switch between different TTI on the Abis interface. The overall bandwidth requirement for Abis will be the same independent of the TTI used. Hence, it is possible to send RLC data blocks on Abis with 10 ms TTI (or lower) without hardware impact on existing base stations and without need to extend the capacity for Abis transmission.

The downlink flow for an incoming data packet with 10 ms TTI on the Abis and radio interfaces is depicted in Figure 2.
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Figure 2. Downlink transmission of a single RLC data block with 10 ms TTI.
The transfer delay BSC->MS in Figure 2 is:

· 0-10 ms Um slot wait time (TBF established)
· 10 ms BSS buffers

· 10 ms transmission on the Abis interface

· 10 ms transmission on the radio interface

· Total: 30-40 ms
There is no need for any other buffering unless the radio resource is used for another user e.g. with higher QoS, i.e. for an incoming real-time data packet there is a random wait time between 0-10 ms before it can be scheduled and sent on the Abis interface.
The latency for more advanced application scenarios are depicted in sections 2.2 to 2.4. This includes uplink transmission with USF decoding and Ping (downlink and uplink).
2.2 USF decoding
The uplink flow for an incoming data packet with 20 ms TTI on the Abis and radio interfaces is depicted in Figure 3. There is no other delay due to USF scheduling since USFs can be scheduled in advance from the BSC/PCU and monitored by the MS. This enables access on every 20 ms block period on uplink.
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Figure 3. Uplink transmission of a single RLC data block with 20 ms TTI.

The transfer delay MS->BSC in Figure 3 is:

· 0-20 ms Um slot wait time (USFs scheduled)

· 5 ms MS processing time

· 20 ms transmission on the radio interface

· 20 ms transmission on the Abis interface

· Total: 45-65 ms
The uplink flow for an incoming data packet with 10 ms TTI on the Abis and radio interfaces is depicted in Figure 4. There is no other delay due to USF scheduling since USFs can be scheduled in advance (on two timeslots) from the BSC/PCU and monitored by the MS.  This enables access on every 10 ms block period on uplink.
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Figure 4. Uplink transmission of a single RLC data block with 10 ms TTI.

The transfer delay MS->BSC in Figure 4 is:

· 0-10 ms Um slot wait time (USFs scheduled)

· 5 ms MS processing time

· 10 ms transmission on the radio interface

· 10 ms transmission on the Abis interface

· Total: 25-35 ms
2.3 DL Ping

The latency for downlink Ping with 20 ms TTI is depicted in Figure 5.
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Figure 5. Downlink Ping with 20 ms TTI.
The Ping delay in Figure 5 is:

· 5 ms Core Network DL (not shown in Figure 5)

· 0-20 ms Um slot wait time (TBF established)

· 20 ms BSS buffers

· 20 ms transmission on the Abis interface

· 20 ms transmission on the radio interface

· 5 ms MS response time

· 15 ms Um slot wait time (USFs scheduled)

· 20 ms transmission on the radio interface

· 20 ms transmission on the Abis interface

· 5 ms Core Network UL (not shown in Figure 5)

· Total: 130-150 ms

The latency for downlink Ping with 10 ms TTI is depicted in Figure 6.
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Figure 6. Downlink Ping with 10 ms TTI.
The Ping delay in Figure 6 is:

· 5 ms Core Network DL (not shown in Figure 6)

· 0-10 ms Um slot wait time (TBF established)

· 10 ms BSS buffers

· 10 ms transmission on the Abis interface

· 10 ms transmission on the radio interface

· 5 ms MS response time

· 5 ms Um slot wait time (USFs scheduled)

· 10 ms transmission on the radio interface

· 10 ms transmission on the Abis interface

· 5 ms Core Network UL (not shown in Figure 6)

· Total: 70-80 ms

The radio transmission in Figure 5 and Figure 6 is explicitly shown in Table 1 but the time scales are not synchronized. For downlink Ping with 10 ms TTI there are two cases, one for each possible 10 ms TTI period (first or second) where the Ping could be placed.
Table 1. Transmission over the radio interface for downlink Ping.
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Table 1 shows the delay BTS->MS->BTS: 60 ms with 20 ms TTI and 30 ms with 10 ms TTI (and not depending on usage of first or second slot). The reduced gap between DL and UL with 10 ms TTI is due to shorter Um slot wait time (and MS response time is constant).
2.4 UL Ping

The latency for uplink Ping with 20 ms TTI is depicted in Figure 7.
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Figure 7. Uplink Ping with 20 ms TTI.
The Ping delay in Figure 7 is:

· 0-20 ms Um slot wait time (USF scheduled)

· 5 ms MS processing time

· 20 ms transmission on the radio interface

· 20 ms transmission on the Abis interface

· 5+5 ms Core Network UL and DL

· 30 ms Um slot wait time and BSS buffers (TBF established)
· 20 ms transmission on the Abis interface

· 20 ms transmission on the radio interface

· 5 ms MS processing time 

· Total: 130-150 ms
The latency for uplink Ping with 10 ms TTI is depicted in Figure 8.
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Figure 8. Uplink Ping with 10 ms TTI.
The Ping delay in Figure 8 is:

· 0-10 ms Um slot wait time (USF scheduled)

· 5 ms MS processing time

· 10 ms transmission on the radio interface

· 10 ms transmission on the Abis interface

· 5+5 ms Core Network UL and DL

· 10 ms Um slot wait time and BSS buffers (TBF established)
· 10 ms transmission on the Abis interface

· 10 ms transmission on the radio interface

· 5 ms MS processing time

· Total: 70-80 ms

2.5 RLC retransmission
The latency for uplink Ping with 20 ms & 10 ms TTI and one RLC retransmission in downlink are depicted in Figures 9 and 10. In both cases the same RRBP have been used.
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Figure 9. Uplink Ping with 20 ms TTI and one RLC retransmission in downlink.

The additional Ping delay due to one RLC retransmission in Figure 9 is:

· 40 ms RRBP

· 20 ms for Nack on the radio interface

· 20 ms for Nack on the Abis interface

· 20 ms response time, Um slot wait time and BSS buffers

· 20 ms transmission on the Abis interface

· 20 ms transmission on the radio interface

· Total: 140 ms (and in total for the Ping 270-290 ms)
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Figure 10. Uplink Ping with 10 ms TTI and one RLC retransmission in downlink.

The additional Ping delay due to RLC retransmission in Figure 10 is:

· 40 ms RRBP

· 10 ms for Nack on the radio interface

· 10 ms for Nack on the Abis interface

· 10 ms response time, Um slot wait time and BSS buffers

· 10 ms transmission on the Abis interface

· 10 ms transmission on the radio interface

· Total: 90 ms (and in total for the Ping 160-170 ms)
2.6 Radio resource management
This contribution details performance for single-user scenarios. For multi-user scenarios and possible data segregation (noted in [2]) due to multiplexing of 10 ms TTI and 20 ms TTI on the same timeslots, see [3].

The simulations in [3] are performed at certain C/I values and with fixed MCSs so the possible modulation segregation due to USF scheduling of legacy terminals is not covered. In general the modulation segregation is similar to multiplexing GPRS and EDGE on the same timeslots (i.e. when the data is for an EDGE MS and the USF is for a legacy/GPRS MS). The additional modulation segregation with 10 ms TTI occurs when GMSK (MCS-1 to MCS-4) is preferred for one 10 ms TTI block and 8-PSK (MCS-5 to MCS-9) is preferred for the other 10 ms TTI block, but this will be very rare if 8-PSK is mainly used in the network.
The possible modulation segregation due to USF scheduling to legacy terminals can be handled in different ways. If/when needed:
· Adapt the modulation of the 10 ms TTI downlink blocks according to what the receiver of the USF is capable of decoding, i.e. send both 10 ms TTI downlink blocks with either GMSK or 8-PSK.
· Adapt the TTI of the downlink block(s) according to what the receiver of the USF is capable of decoding, i.e. use 20 ms TTI and send the block with either GMSK or 8-PSK.

· Adapt the scheduling on the downlink so that the two 10 ms TTI blocks are scheduled to the same user (which removes the additional segregation due to mix of GMSK and 8-PSK modulation within one 20 ms period).
· Use USF granularity of 4 for legacy terminals in order to reduce the occasions when USFs need to be scheduled to legacy terminals.
2.7 Radio performance
Radio blocks with MCS-7 to MCS-9 consists of 2 RLC data blocks, each interleaved over 2 bursts. The radio link performance of these MCSs with low amount of channel coding is reduced with an increased quality variation between the bursts (cf. frequency hopping).

If 10 ms TTI (with four bursts mapped on two timeslots) would increase the quality variation between the bursts as indicated in [2], then the radio performance can still be kept at the same level by mapping the bursts in pairs on the two timeslots, i.e. the two bursts for each RLC data block is transmitted on one timeslot. Note that the USF bits in the different bursts would be adjusted accordingly. See Figure 11.
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Figure 11. Alternative burst mapping on TDMA frames and timeslots with 10 ms TTI.

3 Conclusions
Reduced TTI enables large improvements for latency. The DL and UL Ping times are reduced from 130-150 ms to 70-80 ms (single-user, no RLC retransmission). The improvements are even larger if RLC retransmissions are needed and section 2.5 details a reduction from 270-290 ms to 160-170 ms for UL Ping when one downlink RLC retransmission is required (single-user).
It is possible to send RLC data blocks on Abis with 10 ms TTI without hardware impact on existing base stations and without need to extend the capacity for Abis transmission.
The possible modulation segregation due to USF scheduling to legacy terminals will be very rare and can be handled in different ways.
The radio performance with MCS-7 to MCS-9 can be kept at the same level by alternative burst mapping on TDMA frames and timeslots.
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