Page 1

3GPP TSG-RAN WG4 #51-BIS
R4-092483
Jun 29-Jul 2, 2009
Los Angeles, USA
Agenda item:
7.8, TDD HeNB 
Source: 
Qualcomm Europe

Title: 
Analysis of Uplink Timing for TDD HeNB
Document for:
Discussion and Approval
1
Introduction
In previous contributions, the benefits that synchronization of different cells in a network brings were described in detail [1], [2]. Furthermore, network synchronization is a requirement for TDD operation in E-UTRAN (LTE). Some analysis on synchronization requirements were presented in previous contributions [3], [4]. In this contribution we further extend the timing analysis in [4] and show that the requirements on timing accuracy can be relaxed compared to the anaylsis in [4].
The rest of this document is organized as follows. In Section 2, we present the timing analysis. Conclusions are given in Section 3. We propose to capture this analysis in a text proposal in the technical report TR ab.cde [9] on TDD HeNBs. 
2
Discussion And Text Proposal
Timing accuracy requirements for E-UTRA TDD have been analyzed in [3]. For TDD systems synchronization is critical to avoid interference created by overlapping downlink and uplink transmission slots. Interference is most likely to be created at the boundaries between uplink and downlink slots if the slots at different eNBs or eNBs and HeNBs overlap. Given that the guard period at the downlink to uplink switch point can be set to relatively large, around 70(s [5], [6], there is a much higher probability that interference will be created at the uplink to downlink switch point [3],[4]. Hence, the analysis in this paper will concentrate on the uplink to downlink switch point.
The considered scenario for this analysis is shown in Fig. 1. The propagation times from the macro eNB to the macro UE (MUE), HeNB to the Home UE (HUE) and macro eNB to HeNB are all shown in figure 1.  
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Figure 1 Propagation Times

A timeline of the uplink to downlink switch point is depicted in Fig. 2. TAoffset is the transmit time offset time as defined in [5], TUE Tx-Rx is the UE power down ramping time. The values of TAoffset and TUE Tx-Rx are listed in Table 1 [3]. TAoffset here is the value as given in [5].
	TAoffset
	TUE Tx-Rx

	20(s
	20(s


Table 1
Since Tprop1 is the time of flight from the MUE to the MeNB, the MUE is timing advance by a time of TAMUE = 2Tprop1 to compensate for the time of flight Tprop1. This MeNB and MUE timelines are seen in the first two rows of the figure below.  For reference, assume the UL Rx time of the MeNB is 0. This means the MeNB DL Tx starts at TuL + TAoffset.  

Now say TDIST is the time of flight from the HeNB to the MeNB. We assume that the HeNB starts transmitting its DL at time TDIST + TERROR after the MeNB starts transmitting, as seen in the third row of the figure below. Note that this is assuming that the HeNB is a self-synchronizing HeNB (as described in [8]) and hence transmits at TERROR + the time it receives the signal from the macro. However this analysis easily extends to the case when the HeNB is GPS-synchronized. Point B is equal to TUL + TAoffset + TDIST + TERROR . HUE receives this at a time Tprop2 after HeNB starts transmitting, where Tprop2 is the propagation time from HeNB to HUE. 

Assume HUE is timing advanced by a time of TAHUE. This means point A, where the HUE’s TX ends is TUL + TUE-RX,TX  + TDIST + TERROR  + Tprop2 - TAHUE.  This should not overlap with MUE’s DL RX, which is at point C i.e., TUL + TAoffset + Tprop1. Therefore TUL + TAUE-RX,TX + TDIST + TERROR  + Tprop2 - TAHUE < TUL + TAoffset + Tprop1
Since TAoffset = TUE-RX,TX = 20, this gives us 
TAHUE  > TDIST + TERROR + Tprop2 - Tprop1.
There are different ways of ensuring this equation is true, but in one example, it is satisfied if the HeNB always sets its UE’s timing advance to a large value, even if Tprop2 is small. For example, if TAHUE is set to 14 us, then the equation is satisfied even we have TDIST = 10 us (3km macro cell size), Tprop1 = 1us (300 m femto cell) and TERROR = 3 us.  Note that such a large timing advance is acceptable because the guard period can be large enough to accommodate this and hence there is no jamming at the other end point (DL à UL) as well. (Note that the largest possible guard period is 71 us.)
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Figure 2 Timing Diagram
3
Conclusion
In this contribution, we discussed the timing requirements for the TDD HeNB. It was shown that for the uplink to downlink switch point, where interference is most likely to occur, the TDD HeNB can advance the UEs timing in order not to cause UL-to-DL interference. This in turn helps to reduce the synchronization timing requirements (TERROR) considerably. Exact requirements on TERROR are for further study. 
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--- Begin ---

6.5   Synchronization Requirement
6.5.X Uplink Timing Analysis
Timing accuracy requirements for E-UTRA TDD have been analyzed in [3]. For TDD systems synchronization is critical to avoid interference created by overlapping downlink and uplink transmission slots. Interference is most likely to be created at the boundaries between uplink and downlink slots if the slots at different eNBs or eNBs and HeNBs overlap. Given that the guard period at the downlink to uplink switch point can be set to relatively large, around 70(s [5], [6], there is a much higher probability that interference will be created at the uplink to downlink switch point [3],[4]. Hence, the analysis in this paper will concentrate on the uplink to downlink switch point.

The considered scenario for this analysis is shown in Fig. 1. The propagation times from the macro eNB to the macro UE (MUE), HeNB to the Home UE (HUE) and macro eNB to HeNB are all shown in figure 1.  
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Figure 1 Propagation Times

A timeline of the uplink to downlink switch point is depicted in Fig. 2. TAoffset is the transmit time offset time as defined in [5], TUE Tx-Rx is the UE power down ramping time. The values of TAoffset and TUE Tx-Rx are listed in Table 1 [3]. TAoffset here is the value as given in [5].
	TAoffset
	TUE Tx-Rx

	20(s
	20(s


Table 1
Since Tprop1 is the time of flight from the MUE to the MeNB, the MUE is timing advance by a time of TAMUE = 2Tprop1 to compensate for the time of flight Tprop1. This MeNB and MUE timelines are seen in the first two rows of the figure below.  For reference, assume the UL Rx time of the MeNB is 0. This means the MeNB DL Tx starts at TuL + TAoffset.  

Now say TDIST is the time of flight from the HeNB to the MeNB. We assume that the HeNB starts transmitting its DL at time TDIST + TERROR after the MeNB starts transmitting, as seen in the third row of the figure below. Note that this is assuming that the HeNB is a self-synchronizing HeNB (as described in [8]) and hence transmits at TERROR + the time it receives the signal from the macro. However this analysis easily extends to the case when the HeNB is GPS-synchronized. Point B is equal to TUL + TAoffset + TDIST + TERROR . HUE receives this at a time Tprop2 after HeNB starts transmitting, where Tprop2 is the propagation time from HeNB to HUE. 

Assume HUE is timing advanced by a time of TAHUE. This means point A, where the HUE’s TX ends is TUL + TUE-RX,TX  + TDIST + TERROR  + Tprop2 - TAHUE.  This should not overlap with MUE’s DL RX, which is at point C i.e., TUL + TAoffset + Tprop1. Therefore TUL + TAUE-RX,TX + TDIST + TERROR  + Tprop2 - TAHUE < TUL + TAoffset + Tprop1
Since TAoffset = TUE-RX,TX = 20, this gives us 

TAHUE  > TDIST + TERROR + Tprop2 - Tprop1.
There are different ways of ensuring this equation is true, but in one example, it is satisfied if the HeNB always sets its UE’s timing advance to a large value, even if Tprop2 is small. For example, if TAHUE is set to 14 us, then the equation is satisfied even we have TDIST = 10 us (3km macro cell size), Tprop1 = 1us (300 m femto cell) and TERROR = 3 us.  Note that such a large timing advance is acceptable because the guard period can be large enough to accommodate this and hence there is no jamming at the other end point (DL à UL) as well. (Note that the largest possible guard period is 71 us.)
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Figure 2 Timing Diagram
Thus it is seen that for the uplink to downlink switch point, where interference is most likely to occur, the TDD HeNB can advance the UEs timing in order not to cause UL-to-DL interference. This in turn helps to reduce the synchronization timing requirements (TERROR) considerably. 

--- End ---
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