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1
Introduction
Synchronization requirements for TDD HeNBs have been analyzed in previous contributions [1],[2],[3]. In the previous RAN4 meeting a way forward for the requirements was agreed in [4]. In [4], the requirements for HeNBs with propagation distances smaller than 500m were agreed upon, however, the requirements for cells with propagation distances larger than 500m when network listening is used were left for further study.
In this contribution, we briefly revisit previous work on network listening and analysis of sync error impact. Based on these, we propose the synchronization error requirement for cells with propagation distances larger than 500m. 
2
Discussion

GPS, IEEE1588 v2 and Network listening are the three synchronization schemes that have been considered for TDD HeNBs. A brief analysis of these schemes is given in [2]. Network listening is one essential practical scheme, as it works when GPS doesn’t work (e.g. indoors) and IEEE 1588v2 is not available (e.g. with consumer-grade backhaul). Network listening can be performed in open loop or close loop fashion. Also in [2], the advantages of open loop vs. closed loop are explained.
HeNBs have been mostly considered in the context of urban indoor deployments and the requirements in [4] reflect this. However, HeNBs could also be used for improved coverage in suburban or rural areas. For this scenario different synchronization requirements need to be specified if open loop network listening is used. Due to the large propagation time, different requirements other than the ones used for 500m cells need to be specified. When synchronization is acquired using open loop network listening, the synchronizing HeNB is automatically offset by the propagation delay compared to the donor eNB or HeNB. Some requirements that take this fact into account are necessary. The synchronization requirements that are set in [3] for small cells are based on a propagation delay of 1.67 us and an implementation margin of 1.33 us. We propose that the same margin be used in the large cell scenario as well. 
It should be noted that the guard period in the DwPTS subframe should be chosen so as to accommodate the propagation delay. The analysis in [1] and [5] shows that if the guard period is equal to twice the maximum propagation delay, an additional timing advance can be used to prevent UE-UE interference. The following figure from [5] demonstrates this (further details can be found in [1] and [5]). Note that un-accessed UEs can not know the additional timing advance, and therefore the UpPTS channel of un-accessed UEs must be disturbed by the additional timing advance, but with a small additional timing advance, this issue will be mitigated in some extent. The issue is specific to the open-loop scheme, FFS. For close-loop scheme, the additional timing advance is unnecessary.
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Based on this, the following synchronization requirement is proposed:  
The synchronization requirement for a HeNB is defined as the difference in radio frame start timing, measured at the transmit antenna connectors, between the HeNB and any other HeNB or eNB which has overlapping coverage. The synchronization requirement shall be set to 3 μs in all cases, except when the HeNB gets its synchronization when performing network listening off cells with propagation distance greater than 500m. This requirement shall apply independent of the synchronization technique used (GPS, IEEE 1588 v2, Network Listening).  In scenarios where synchronization is obtained via network listening off cells with propagation distance greater than 500m, the synchronization requirement shall be 1.33 μs plus the propagation delay between the HeNB and the cell selected as the network listening synchronization source (e.g. when the propagation distance is 2.6km, the synchronization requirement is 10 us). 
In terms of the network listening synchronization source selection, at least one consideration should be to ensure best accurate synchronization to GNSS. Further criteria for selection are FFS. 
3
Text Proposal

Based on the above analysis, we propose the following changes to TR 36.922: 

--- Begin Text Changes ---
6.5
Synchronization requirement
6.5.1
Synchronization error analysis

For LTE TDD, the inter-cell interferences of eNB (HeNB) to eNB (HeNB) and UE to UE are related to the cell synchronization. In order to overcome the above interferences, strict synchronization is required. For HeNB, the interference case of UE to UE at the uplink-to-downlink switch point is the crucial factor to the synchronization requirement because of the limited coverage. At the switch point, two kinds of interferences should be taken into account. One is MUE downlink disturbed by HUE uplink, the other is HUE downlink disturbed by MUE uplink.

If the HeNB coverage is up to tens meters, the synchronization error should be smaller than 1us. For the network listening scheme, such strict requirement will increase the implementation difficulty and synchronization overhead. However, as the minimum cyclic prefix of LTE is far larger than the sum of delay spread and propagation delay for indoor scenarios, a little interference caused by inaccurate synchronization will not result in performance degradation.

For LTE, there are two kinds of cyclic prefix (CP), i.e. the normal CP and extend CP, with their periods listed in Table.6.5-1.

Table 6.5-1
the CP period of LTE

	
	Normal
	Extend

	CP period
	4.7/5.2us
	16.7us


Since the most important application of HeNB focuses on the indoor scenarios such as home and office, ITU indoor channel models [44] are taken into account for reference, in which the maximum delay spreads of LOS (light-of-sight) and NLOS (non light-of-sight) scenarios are listed in Table.6.5-2.

Table 6.5-2
the delay spread of indoor channel

	
	ITU InH LOS
	ITU InH NLOS

	Maximum delay spread
	0.13us
	0.225us


In addition, the propagation delay is limited up to 1us because of the restricted transmission power and complex indoor scenarios. Thus, there is
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Thus in many scenarios, a 3 us synchronization requirement can be adopted. The 3us requirement is also compatible with the macro cell. But it is also important that practical synchronization schemes (including GPS, IEEE 1588v2, open and closed loop network listening) are not excluded. Thus, if the HeNB derives its synchronization from a larger cell, then the propagation distance is larger and a different synchronization requirement is required compared with that in small cell [45].Therefore, it is important to have a synchronization requirement that is strict and practical.
Network listening is one essential practical scheme, as it works when GPS doesn’t work (e.g. indoors) and IEEE 1588v2 is not available (e.g. with consumer-grade backhaul). Network listening can be performed in open loop or close loop fashion. Also in [2], the advantages of open loop vs. closed loop are explained and it is concluded that open loop network listening is essential for TD-LTE HeNBs. When synchronization is acquired using open loop network listening, the synchronizing HeNB is automatically offset by the propagation delay compared to the donor eNB or HeNB. Some requirements that take this fact into account are necessary. A 3us requirement for small cells is based on a propagation delay of 1.67 us and an implementation margin of 1.33 us. The same margin can be used in the large cell scenario as well. This will result in a synchronization requirement of 1.33 us + the propagation delay between the HeNB and the donor cell. 
It should be noted that the guard period in the DwPTS subframe should be chosen so as to accommodate the propagation delay. The analysis in [1] and [5] shows that if the guard period is equal to twice the maximum propagation delay, an additional timing advance can be used to prevent UE-UE interference. The following figure from [5] demonstrates this (further details can be found in [1] and [5]). Note that un-accessed UEs can not know the additional timing advance, and therefore the UpPTS channel of un-accessed UEs must be disturbed by the additional timing advance, but with a small additional timing advance, this issue will be mitigated in some extent. The issue is specific to the open-loop scheme, FSS. For close-loop scheme, the additional timing advance is unnecessary.
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6.5.2
Synchronization requirement

The synchronization requirement for a HeNB is defined as the difference in radio frame start timing, measured at the transmit antenna connectors, between the HeNB and any other HeNB or eNB which has overlapping coverage. The synchronization requirement shall be set to 3 us in all cases, except when the HeNB gets its synchronization when performing network listening off cells with propagation distance greater than 500m. This requirement shall apply independent of the synchronization technique used (GPS, IEEE 1588 v2, Network Listening).  In scenarios where synchronization is obtained via network listening off cells with propagation distance greater than 500m, the synchronization requirement shall be 1.33 μs plus the propagation delay between the HeNB and the cell selected as the network listening synchronization source (e.g. when the propagation distance is 2.6km, the synchronization requirement is 10 us).
In terms of the network listening synchronization source selection, at least one consideration should be to ensure best accurate synchronization to GNSS. Further criteria for selection are FFS.
--- End Text Changes ---
 .
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Figure � SEQ Figure \* ARABIC �1� TDD HeNB Timing using Network Listening and Extra Timing Advance





Figure 6.5-1 TDD HeNB Timing using Network Listening and Extra Timing Advance
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