3GPP TSG RAN WG1 #58 meeting

R1-093874
Miyazaki, Japan, October 12 – 16, 2009


Source: 

Mitsubishi Electric
Title:


Guard periods and timing for backhauling in Type 1 relays
Agenda Item:

7.8.1
Document for:
Discussion
1 Introduction

In LTE-A Type 1 relay nodes (RN), the access link downlink subframe boundary is aligned with the backhaul link downlink subframe boundary, except for possible adjustment to allow for RN transmit/receive switching [1]. Indeed, guard periods are required between the reception/transmission of the backhaul link and the access link in order to allow for RN transmit/receive switching. Four guard periods are required:
· GPDL,1 between the end of the transmission of the access link downlink and the beginning of the reception of the backhaul link downlink,
· GPDL,2 between the end of the reception of the backhaul link downlink and the beginning of the transmission of the access link downlink,
· GPUL,1 between the end of the reception of the access link uplink and the beginning of the transmission of the backhaul link uplink,
· GPUL,2 between the end of the transmission of the backhaul link uplink and the beginning of the reception of the access link uplink.
Different combinations of muting of some backhaul symbols and subframe timing may be appropriate in order to create these guard periods. In [2], three options for UL subframe timing alignment are presented. In this contribution, we investigate option 1 and option 2 from [2] (option 3 from [2] is an intermediate option and is not detailed in the present contribution), considering how the guard periods can be created for uplink. In addition, keeping the hypothesis of quasi-alignment of downlink subframes for access link and backhaul link, we investigate how the guard periods can be created for downlink. An alternative option 2b is also investigated, derived from option 2.
For all options, the RN behaviour is assumed to be as follows:

· It acquires synchronisation with its donor eNB,
· It obtains its timing advance (TA) information from the donor eNB,
· It receives a backhaul link downlink with appropriate length,
· It sets its access link downlink timing in order to arrange guard periods GPDL,1 and GPDL,2,
· It transmits a backhaul link uplink with appropriate length according to its TA information,
· It sets its access link uplink timing, i.e., UE TA values, in order to arrange guard periods GPUL,1 and GPUL,2.
In this contribution, we focus on FDD for the detailed description but some comments are raised on TDD aspects.
2 Option 1: Access link UL and DL subframes aligned at RN
Downlink backhaul
As shown in Figure 1, assuming 2 control symbols in the access link, the guard periods GPDL,1 and GPDL,2 are created by starting the backhaul link transmission in the fourth symbol of the downlink subframe [3][4]. As noted in [3], not transmitting backhaul in the third symbol of the subframe is better than not transmitting it in the last symbol of the subframe: Backhaul resources in the third symbol can be reused for PDCCH transmission at the donor eNB. Thus, with 2 symbols of control signalling in the MBSFN subframe used for backhaul link downlink, the backhaul subframe has a length of 11 OFDM symbols. Different RNs may have different numbers of control symbols in the access link (1 or 2). Thus, different RNs could also have different backhaul link downlink sizes (12 or 11 OFDM symbols). However, this flexibility, increasing the backhaul downlink capacity for some RNs, might also prevent the donor eNB from using the punctured symbols for PDCCH. 
Guard periods GPDL,1 and GPDL,2 are arranged by delaying the access link downlink transmission by ΔRN-eNB with respect to the direct link downlink transmission:
ΔRN-eNB = TOFDM – GPDL,1 + Tprop,RN-eNB 
with GPDL,1 + GPDL,2 = TOFDM
Uplink backhaul
Guard periods are created by puncturing the beginning of the uplink subframe on a duration TGP = k.TOFDM (Figure 1 is depicted with k = 1). Thus, SRS transmission, at the end of the uplink subframe, may be the same for UEs and RNs in the donor cell [5]. In option 1, in order to guarantee same behaviour of the RN as a eNB [2], access link uplink and downlink subframes are aligned, i.e., the transmitted downlink subframes are aligned with the received uplink subframes at RN. Thus, the timing advance of UEs served by RN only depends on the propagation time between RN and UE (Tprop,RN-UE):
TAUE = 2.Tprop,RN-UE
Thus, with Rel-8 TA, RN has the same maximum coverage as a eNB.
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Figure 1: Option 1.
However, the duration of GPUL,1 depends on the propagation time between RN and the donor eNB (Tprop,RN-eNB):
GPUL,1 = GPDL,1 – 2.Tprop,RN-eNB + TGP – TOFDM 
with GPUL,1 + GPUL,2 = TGP
If we assume same switching times for RN as a TDD eNB, GPUL,1 = GPDL,2 = 20 µs would be an appropriate choice. For these values, puncturing only one symbol in the uplink (TGP = TOFDM) would be enough for a RN-eNB distance up to 4.7 km. For higher distances, more symbols should be punctured, reducing the backhaul link uplink throughput.
3 Option 2: Access link UL and DL not aligned at relay
Downlink backhaul
Option 1 and option 2 are identical with respect to the downlink guard periods.
Uplink backhaul

In this option 2
, a misalignment between access link uplink and downlink subframes at RN is allowed in order to minimize the guard period duration. A shown in Figure 2, a single OFDM symbol is punctured at the beginning of the backhaul link uplink subframe whatever the RN-eNB propagation time. Thus, compared to option 1, the timing advance of UEs served by RN has to be increased in order to arrange guard periods GPUL,1 and GPUL,2. TAUE now depends on the propagation time between RN and the donor eNB:

TAUE = GPUL,1 – GPDL,1 + 2.(Tprop,RN-UE + Tprop,RN-eNB) 

with GPUL,1 + GPUL,2 = TOFDM
Thus, with Rel-8 TA, RN has a lower maximum coverage than a eNB [6]. Furthermore, if the TA value of RN for backhaul link uplink changes, TA values for all UEs served by RN must be changed [2]. The frequency of this event could be reduced by taking some margin for guard period durations (e.g., choosing TOFDM / 2 instead of 20 µs). The increased timing advance value results in a misalignment ΔRN,UL-DL between the access link downlink transmission and the access link uplink reception:
ΔRN,UL-DL = |GPUL,1 – GPDL,1 + 2.Tprop,RN-eNB|
With GPUL,1 = GPDL,2 = 20 µs, the misalignment is TOFDM for a RN-eNB distance of 15.42 km. Such a misalignment might require an increased UL/DL guard period in TDD. Up to 4.71 km, ΔRN,UL-DL equal to zero can always be achieved. Indeed, for these small Tprop,RN-eNB, both option 1 and option 2 only require the muting of one OFDM symbol and are completely equivalent: The effect of Tprop,RN-eNB in each option can be compensated by an appropriate choice of GPUL,1 – GPDL,1.
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Figure 2: Option 2.
4 Option 2b: GP punctured at the end the backhaul downlink subframe
Downlink backhaul
The guard period is created here by not transmitting the last OFDM symbol in the backhaul link downlink subframe. ΔRN-eNB is reduced by TOFDM. Thus, ΔRN,UL-DL and TAUE of option 2 will also be reduced by TOFDM. However, unlike option 2, the punctured OFDM symbol cannot be used by the donor eNB to transmit PDCCH.
Uplink backhaul

The same principle as option 2 is applied. However, thanks to the reduction of ΔRN-eNB, ΔRN,UL-DL and TAUE are also reduced:

TAUE = GPUL,1 – GPDL,1 + 2.(Tprop,RN-UE + Tprop,RN-eNB) – TOFDM
ΔRN,UL-DL = |GPUL,1 – GPDL,1 + 2.Tprop,RN-eNB – TOFDM|
However, for small values of Tprop,RN-UE + Tprop,RN-eNB, the timing advance value might be negative, which is not allowed in the Rel-8 random access response. Furthermore, instead of having a zero ΔRN,UL-DL for low Tprop,RN-eNB, it will increase. For Tprop,RN-eNB ≈ 0, setting GPUL,2 = GPDL,1 = 20 µs, ΔRN,UL-DL ≈ 40 µs. With option 2, setting GPUL,1 = GPDL,1 = 20 µs, ΔRN,UL-DL ≈ 0 is achieved.
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Figure 3: Option 2b.
5 Summary

Due to Rel-8 TA limitations, stronger access link uplink/downlink misalignment for small RN-eNB distances and the unavailability of the punctured OFDM symbol in backhaul link downlink subframe for PDCCH transmission at eNB, Option 2b is not a desirable option. From the discussion above, we draw the following conclusions for options 1 and 2:
· Option 1

· The number of OFDM symbols punctured in backhaul link uplink depends on the RN-eNB distance

· Only one symbol for a RN-eNB distance lower than 4.7 km

· Specification work required to handle higher distances (definition of larger guard periods)
· Rel-8 TA guarantees same eNB and RN coverage as in Rel-8

· Option 2
· Only one OFDM symbol punctured in backhaul link uplink 

· Misalignment of access link uplink and downlink

· For a RN-eNB distance higher than 4.7 km

· Impact on RN behaviour is FFS

· An increased UL/DL guard period may be required in TDD

· Rel-8 TA limits Tprop,RN-UE + Tprop,RN-eNB to values corresponding to distances lower than 100 km

· This limitation is probably not so critical.

· TA of all UEs change with RN TA

· This change might be avoided by taking some margin on guard period durations.
Option 1 and option 2 are worth being further considered. They are equivalent for small RN-eNB distances (lower than 4.7 km, depending on exact switching times and margins). Both of them imply starting the transmission of the backhaul link downlink from the third or fourth OFDM symbols, with the two following options to be considered:

· All backhaul link downlinks start from the fourth OFDM symbol
· The third symbol may be used for PDCCH at the donor eNB

· Backhaul link downlink starts

· From the third OFDM symbol if the RN access link control signalling length is one OFDM symbol

· From the fourth OFDM symbol if the RN access link control signalling length is two OFDM symbols

· The third symbol cannot be used for PDCCH at the donor eNB
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� In [2], option 2 is characterised by an alignment between the access link uplink subframes and the backhaul link uplink subframes. Here, we allow for some small misalignment in order to arrange two guard periods with a single muted OFDM symbol.
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