3GPP TSG-RAN WG4 Meeting NR ad-hoc #4	R4- 1801054
January 22nd – 26st, 2018
San Diego, CA, USA 


Agenda item:	4.6.1
Source: 	Qualcomm Incorporated 
Title: 	On gNB Cell Frame Synchronization Accuracy Requirements
Document for:	Approval
[bookmark: _Ref463014664]Introduction
In this contribution we focus on gNB cell frame synchronization requirement for NR in both frequency range 1 (FR1) and range 2 (FR2). We will present an overview of the relationship across different UE and BS timing requirements, and their implications on the cross devices interference.
The goal of the paper is to point out that specific constraints due to the different subcarrier spacing (SCS) need to be taken into account to finalize the NR timing requirements. We will provide a list of recommendation and make a specific proposal.
Discussion
[bookmark: _GoBack]Tight cell frame synchronization amongst the BSs is essential for the performance of a TDD cellular network. Absence of frame alignment may cause the downlink and the uplink timeslots to overlap with each other, leading to intercell interference. For LTE TDD networks cell timing requirements have been outlined in 3GPP specifications [1][2]. Given its shorter subframe durations these requirements need to be revisited for NR. Several contributions were made contributions to this topic [3][4][5]. Majority of the contributions proposed keeping the NR cell timing error limits aligned with the 4G eNBs. This choice seems to be primarily driven by a desire to continue using 4G eNBs as timing reference for the 5G gNBs as well. 
It’s important to note that the cell timing error budget for a 5G network is a trade-off amongst multiple system parameters such as the UE, gNB RF switch times, cell dimensions as well as the subcarrier spacing (SCS). In order to keep the NR cell timing error cap in line with its 4G counterpart certain constraints need to be applied. We believe that this is something that was not carefully addressed in the previous proposals. 
The goal of this contribution is to provide a methodical breakdown of the factors that contribute to the timing error and explain the trade-offs required to in order to keep the NR cell timing error in line with LTE.
[bookmark: _Ref503453621]Background info
Consider the generic TDD timing flow between a BS and its UE as shown in Figure 1. This high-level diagram is applicable to both the LTE and NR based air interfaces. The propagation delay between the ith UE and its serving BS is assumed to be Tp(i). In the figure G1 and G2 represent the BS DLUL and ULDL switch gaps, respectively. The variables G3 and G4 play a similar role for the UE.
In order for the UL signals from all UEs to arrive at their BSs at the same time, each UE needs to start transmitting Ta(i) (s) in advance of the BS subframe boundary (identified by the dashed purple line in the figure). Setting Ta(i) = Tp(i) would clearly satisfy the subframe alignment condition, however this is not adequate to fulfil some of the RF switch requirements. To see why, one needs to focus on the ULDL switch gap. If you consider a UE that is adjacent to its BS (i.e. Tp(i) ≈ 0). Setting Ta(i) = Tp(i) would leave practically no time for the BS and its UEs to switch from ULDL. To circumvent this issue, 3GPP has introduced a fixed timing offset TAoffset of 20s for all LTE UEs in [6]. With this, the timing offset Ta(i) has two components, one variable and one fixed, i.e.
			
 (2-1)
[bookmark: _Ref495056979]At the BS, the above ensures a fixed gap of G2 = TAoffset between the end of the received UL SF and the beginning of the DL SF. Depending on the UE distance to BS, G4(i) may be longer.
[image: ]
[bookmark: _Ref504479867]Figure 1. TDD timing flow.
It is worth noticing that for NR 3GPP has not provided guidelines for the TAoffset, yet. One of the goals of this document is to provide feedback on this issue. Referring back to Figure 1: 
			
 (2-2)
			
 (2-3)
As explained in the previous section, G2 = TAoffset and should be specified by the standard. The shortest ULDL switch time (i.e. min G3) occurs when the UE is at the cell edge, i.e. Tp = Tcell. Similarly, minimum G4 occurs when the UE is next to the BS, i.e. Tp (i) = 0. 
We constrain the total time spent on DLUL and ULDL switches to the guard period (GP), i.e. 
			
[bookmark: _Ref495087218] (2-4)
Guard period is typically a multiple of LTE symbol duration in 4G. Note that G1 and G2 are network system parameters, whereas G3 are G4 are UE dependent variables.
[image: ][bookmark: _Ref503370395]Figure 2. Variation of G3 and G4 for a given UE









  

Figure 2 depicts the variation of G3 versus G4 for a given UE. Assuming symmetric DL UL switch times, the UEs in the network need to be able to switch in a timely fashion even in the worst case scenarios, i.e. 
			
 (2-5)
The right hand side represents the maximum switch time budget that every UE in the network need to comply with. It attains its maximum value when
			
[bookmark: _Ref495087588] (2-6)
which yields 
			
[bookmark: _Ref495087576] (2-7)
Consequently from (2-4)
			
[bookmark: _Ref496654590] (2-8)
With the above, the lower bounds for G3 and G4 (i.e. max time allowed for UE switching) can be computed by substituting (2-7) into (2-6), yielding
			
[bookmark: _Ref495863816] (2-9)
Note that, G3(i) + G4(i) = GP still holds for individual UEs. 
For a sub6GHz NR network with 60 KHz subcarrier spacing (SCS), 1000m cell size and GP = Tsym = 17.84 s, the recommended system parameters are
	G1 = 12.25 s  
	G2 = TAoffset = min(G3) = min(G4) = 5.58 s 
	G3(i) + G4(i) = GP = 17.84 s.

Cell frame timing error
As mentioned earlier, the cell frame boundaries of eNBs in a TDD network need to align precisely. Absence of this would cause intercell interference. The intercell interference can be categorized into four types which will label as Case I, II, III and IV.
Case I: BS to BS interference during DL to UL switch
Consider the two cells scenario depicted in Figure 3, where UE1 and UE2 are being served by two neighboring cells BS1 and BS2, respectively. Assume that the subframe boundaries of the two BSs are not perfectly aligned and that there is a fixed time offset of Terr (s) between the two. 
Case I type of BS to BS interference deals with the portion of the BS2 DL signal that may overlap with the UE1 UL signal received at BS1. Even if the DL UL gaps are set according to the guidelines depicted in section 2.1, cell timing misalignment between BS1 and BS2 could create intercell interference between the two. 
In order to prevent this interference, the end of BS2’s DL signal (incl. the RF transient) should arrive at BS1 before UE1’s UL signal does. This is shown with a green arrow in the figure. The gap between the end of the interference and the arrival of the UL SF at BS1 sets the upper bound for the timing alignment error between the two BSs. In other words, 
	
	 		
 (2-10)
Here TBS2BS represents the propagation time between the two BSs. BSTXoff is the BS Tx turn off time. As far as the maximum allowed timing error Terr goes the worst case scenario is when BS’s are far apart, i.e. TBS2BS is large. This leaves the smallest Terr ceiling.
[image: ]
[bookmark: _Ref503453424]Figure 3. BS to BS interference during DL to UL switch.
Case II: BS to BS interference during UL to DL switch
In this type of intercell interference the beginning of the BS2’s DL signal overlaps with the end portion of the received UL signal at BS1 (Figure 4). To prevent the interference from happening, the beginning of BS2’s DL signal should arrive at BS1 after the end of UE1’s UL signal does (green line). This leaves a cell timing error budget of: 
			
 (2-11)
The worst case scenario occurs when the BSs are collocated (i.e. TBS2BS = 0). With this
			
 (2-12)
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[bookmark: _Ref503455418]Figure 4. BS to BS interference during UL to DL switch.
Case III: UE to UE interference during DL to UL switch
To prevent this type of error UE2’s UL transmissions should not arrive at UE1 (green arrow in Figure 5) before the end eNB1’s DL signal does. This misalignment scenario leaves a cell timing error budget of
			
 (2-13)
Tp1 and Tp2 represent the propagation delay of UE1 and UE2 to their serving BSs. TUE2UE is the propagation delay between the two UEs. The worst case scenario occurs when the UEs are at the cell edge and collocated (i.e. Tp1 = Tp2 = Tcell and TUE2UE = 0). With this
			
 (2-14)


[image: ]
[bookmark: _Ref503455592]Figure 5. UE to UE interference during DL to UL switch. Beginning of the interference marked with green arrow.
Case IV: UE to UE interference during UL to DL switch
This type of interference occurs when UE2’s UL signal arrives at the UE1 receiver with a delay and collides with the DL signal transmitted from BS1 (Figure 6). To prevent it from happening, the end of UE2’s UL transmissions (incl. the RF decay) should not arrive at the UE1 later than the beginning of eNB1’s DL signal does. This leaves a cell timing error budget of
			
 (2-15)
The worst case scenario occurs when the UEs are far apart from each other, but close to their serving BSs (i.e. Tp1 = Tp2 = 0 and TUE2UE = TBS2BS). With this,
			
 (2-16)
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[bookmark: _Ref504479958]Figure 6. UE to UE interference during UL to DL switch.

Timing error ranges
In this section we study the maximum allowed Terr for various NR scenarios. For sub6GHz and mmWave deployments we assume cell sizes of 1000 m and 300 m, respectively. Guard period (GP) is taken to be 1 symbol long for all subcarrier spacing options. Switch gaps G1 … G4 are computed according to the rules outlined in section 2.1. For RF switch times UETxON/OFF and BSTxON/OFF parameters recommended in [7] and [8] are adopted. 
Table 1 lists the Terr ceiling for each interference cases studied in the previous section. Some of the subcarrier spacing (SCS) choice are yielding negative values of Terr. These are infeasible and they are highlighted in red color. Similarly, some of the BS and UE RF switch times are larger than the switch gaps. These are also highlighted in red color. 
[bookmark: _Ref503456284]Table 1. For various NR system parameters (upper portion) this table shows the max Terr allowed for each intercell interference type. Red colour indicates a violation (e.g. negative value). Orange indicates Terr ceiling is less than its LTE counterpart.
[image: ]

In order to provide ample Terr budget for the BS synchronization algorithms the above parameters need to be relaxed. This can be achieved in multiple ways: 
i) For higher SCSs make the GP more than one symbol long. These are highlighed in blue color in Table 2
ii) Shorten UE TxON  TxOFF time from 109 us for sub6GHz and from 5  4 us for mmWave
iii) Alternatively, the cell sizes be reduced (not applied here)
In Table 2 we show how Terr can be relaxed by changing the parameters highlighted in blue.



[image: ]In order to ensure interference free operation the cell frame timing error amongst the gNBs need to be kept reasonably small. Keeping the timing error requirement to less 3us would allow the legacy 4G and 3G networks to be leveraged as over the air reference synchronization sources. In order to achieve this, we make the following recommendations:[bookmark: _Ref503456453]Table 2. Modification of Terr in case large guard period is considered.

· Make the guard period GP subcarrier spacing dependent such that for SCS = [15, 30, 60, 120] KHz GP should be quale to Tsym * [1, 1, 2, 2]   
· Set the UE Timing offset TAoffset = GP/2 -Tcell according to (1-8). This will also be a subcarrier spacing dependent parameter.
For the sake of completeness, an alternative approach would be the following:
· For 60KHz SCS: reduce gNB and UE Tx->ONOFF and Tx_OFFON times from 10 to 7us and tighten the cell frame timing error from 3 to 1us
· For 120KHz:  reduce the UE Tx->ONOFF and Tx_OFFON times 5 -> 3 us and tighten the cell frame timing error 3  1us
Based on the analysis presented in this paper we invite RAN4 to discuss all the implications of BS cell frame synchronization before finalizing the requirement in NR technical specifications. 
Proposal: based on the relationship across different UE and BS timing requirements, and their implications on the cross devices interference, different approaches can be adopted to maintain the right synchronization requirements. A trade-off across different system parameters is needed. For instance, tighter BS sync requirement could reduce the needed guard period and increase system capacity. We propose to discuss the details presented in this contribution before finalizing the BS cell frame synchronization requirement. 
Conclusions
In this contribution, we focused on cell frame synchronization accuracy requirements. Based on overall evaluation of timing requirements we made the following proposal:
Proposal: based on the relationship across different UE and BS timing requirements, and their implications on the cross devices interference, different approaches can be adopted to maintain the right synchronization requirements. A trade-off across different system parameters is needed. For instance, tighter BS sync requirement could reduce the needed guard period and increase system capacity. We propose to discuss the details presented in this contribution before finalizing the BS cell frame synchronization requirement.
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