
3GPP TSG-RAN WG4 Meeting#94-e                                  R4-2000976                         

E-meeting,24th Feb – 6th Mar, 2020
Agenda item:
8.5.4
Source: 
ZTE Corporation

Title: 
switching time for IAB DU and MT  
Document for:
Approval  

Introduction

In the RAN4#93 meeting, there were some initial discussions on switching time for IAB MT and IAB DU and WF [1] was approved for further study. Therefore in this contribution, we want to share some initial considerations on this switching delay. 
Discussion 
In the past, BS TX&RX and UE TX&RX switching time was analyzed under the network timing budget for specifying LTE/NR guard period. Indeed in Rel-8 LTE WI phase, one reply LS on BS TX&RX and UE TX&RX switching time [6] was sent back to RAN1 for further designing LTE guard period. And in Rel-15 NR WI phase, discussions within RAN4 were only focused on the NR timing budget and BS/UE ON-OFF transition period, there were no discussions on the specific NR BS/UE TX&RX switching time. In other words, there are no switching requirement for NR/LTE BS/UE TX&RX till now which is left up to the implementation (e.g. configuring F symbols between downlink and uplink). 

Before analyzing switching time between IAB DU andI MT, we should discuss the following factors firstly:

operating freq for IAB DU and MT

If IAB DU and MT is operating at the same frequency which is called as in-band IAB, then it’s not necessary to consider the PLL retuning time and other RF configuring/loading time (e.g. switching time for 2 uplink carrier in FR1). Howevere if IAB DU and MT is operating at the different frequecnywhich is called as out-of-band IAB and IAB DU/MT shared the same PLL or RF chain, then much longer switching time between IAB DU and MT might be needed just as discussed in 2 uplink switching time. If IAB DU and MT is operating at the different frequency and IAB DU/MT have separated PLL or RF chain, then switching time between IAB DU and MT could be much shorter. 

Proposal 1: RAN4 should firstly discuss whether in-band IAB and out of band IAB should be both supported in Rel-16.  

From our understanding, out-of-band IAB is mainly specifed for FDD band where DL and UL is operating at different frequency, however as we know that, only FR2 band and band 41 is proposed for IAB operation in Rel-16 till now, in other words, only in-band IAB should be supported in Rel-16 according to the existing band request for IAB operation.

Proposal 2: in-band IAB could be prioritized to be supported in Rel-16.
BW /SCS for IAB DU and IAB MT 

As we know that for legacy LTE system, BW/SCS for BS and UE side is the same, the more flexiability introduced for NR is that NR UE BW could be different from NR BS BW for simplifying UE implementation or UE power saving. To more specific, the NR UE BW should be less than NR BS BW to access the network. If IAB DU and IAB MT BW/SCS is different from each other which is also complying with Rel-15 NR basic designing principle, however from the IAB DU/MT implementation perspective, it’s highly likely that IAB DU and MT will share the same hardware no matter RF component or baseband component, in other words, IAB DU and MT could have the same capability to support the BW and SCS. And IAB MT power saving should not be the main concern as IAB is fixed deployed by operators with sufficient guarantee of power supply. In addition, if supported BW/SCS for IAB DU and MT is different, then switching time between IAB DU and MT will be similar as BWP switching scenario 2 [xx] where BW between consecutive BWPs are different, then at least interruption (including BWP type 1 or type 2 switching delay) between IAB DU and MT should be considered which should be avoided from the system design perspective.

Proposal 3: IAB DU and MT is supposed to support the same channel bandwidth.  

MIMO layer 

As we know that NR BS in DL could support 12 layers via MU-MIMO and support 8 layers via SU-MIMO, NR UE in UL could only support 4 layers regardless of MU-MIMO or SU-MIMO. From these perspective, when considering the switch between IAB DU and IAB MT, MIMO layer adaption should aslo been taken into account. For the specific switching time for MIMO layer adaption, it was discussed in Rel-16 UE power saving and it was supposed that at least BWP type 1 switching delay should be included.  

Proposal 4: RAN4 should discuss MIMO layer adaption between IAB DU and MT.   
Besides the above factors we need to take into account, from the spec drafting perspective, it’s better to specify switching time between IAB DU and MT in the RRM part instead of RF part as some switching time is not just about RF transition time but also other link budget factors included. Meanwhile switching time between IAB DU and MT is difficult to test in practice (e.g Tx to Rx switching). The switching delay between IAB DU and MT will be used for CU scheduling to avoid the cross link interference similar as BWP switching delay specified in RRM spec.  

Proposal 5: not to define switching delay in IAB RF part and define the switching delay in RRM part for CU scheduling..

In the following section, we only consider the case that {in-band IAB, IAB DU and MT support the same channel bandwidth/SCS, without considering MIMO layer adaption}. The switching time between IAB DU and MT are mainly based on the hardware performance or NR timing budget in some cases.

Case 1: IAB-MT DL RX to IAB-DU DL TX
As shown in Figure 1, switching time from IAB MT DL RX to IAB DU DL TX should consist of IAB MT RX ON-OFF procedure and IAB DU TX OFF-ON procedure at least. 
TMT RX->DU TX>=TMT,RX ON-OFF+TDU,ON-OFF.
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Figure 1. switching procedure for IAB MT RX to IAB DU RX 

Case 2: IAB-MT DL RX to IAB-DU UL RX
As shown in Figure 2, there are one guard period configured for DL to UL switching, if considering the IAB MT DL RX to IAB DU UL RX switching procedure, then switching time left should be GAP-Tprop,DU-DU.
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Figure 2. switching procedure for IAB MT RX to IAB DU RX 

GAP-Tprop,DU-DU
Case 3: IAB-MT UL TX to IAB-DU DL TX
As shown in Figure 3, switching time for IAB MT UL TX to IAB DU DL TX should be at least NTAoffset which is equal to UE ON-OFF transition time plus cell synchronization error.
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Figure 3. switching procedure for IAB MT TX to IAB DU TX
At least NTAoffset 

Case 4: IAB-MT UL TX to IAB-DU UL RX
As shown in Figure 4, switching time for IAB MT UL TX to IAB DU UL RX should be at least NTAoffset which is equal to UE ON-OFF transition time plus cell synchronization error. This case is quite similar as case 3 mentioned before.
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Figure 4. switching procedure for IAB MT TX to IAB DU RX

At least NTAoffset

Case 5: IAB-DU DL TX to IAB-MT DL RX. 

As shown in Figure 5, the switching time for IAB DU DL TX to IAB MT DL RX should at least comprise of  Tsync_error,DU->DU and Tprop,DU->DU.
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Figure 5. switching procedure for IAB DU TX to IAB MT RX

At least Tsync_error,DU->DU +Tprop,DU->DU 

Where Tsync_error,DU->DU=3us and Tprop,DU->DU=2.5us 

Case 6: IAB-DU DL TX to IAB-MT UL TX
As shown in Figure 6, the switching time for IAB DU DL TX to IAB MT UL TX should be GAP- TA-TAoffset.
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Figure 6. switching procedure for IAB DU TX to IAB MT TX

GAP- TA-TAoffset

Case 7: IAB-DU UL RX to IAB-MT DL RX
As shown in Figure 7, the switching time for IAB DU UL RX to IAB MT DL RX should be at least Tprop,DU->DU.
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Figure 7. timing relationship between min distance and max distance
at least Tprop,DU->DU should be considered. 

Case 8: IAB-DU UL RX to IAB-MT UL TX
As shown in Figure 8, as IAB MT will access different IAB DU in certain scenarios, therefore Tprop,DU-DU should be considered for configuration, here the NTAoffset maybe not necessay as that IAB MT transmission has already included the NTAoffset as did for DL-UL switching gap protection.
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Figure 8. switching procedure for IAB DU RX to IAB MT TX 

At least Tprop,DU-DU 
Conclusions
In this contribution, we shared more further inputs on switching requirement for IAB DU and MT and proposals are made as following:  

Proposal 1: RAN4 should firstly discuss whether in-band IAB and out of band IAB should be both supported in Rel-16.

Proposal 2: in-band IAB could be prioritized to be supported in Rel-16.
Proposal 3: IAB DU and MT is supposed to support the same channel bandwidth. 

Proposal 4: RAN4 should discuss MIMO layer adaption between IAB DU and MT.  

Proposal 5: not to define switching delay in IAB RF part and define the switching delay in RRM part.
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