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1. Introduction
In [1] and [2], methods for control channel interference mitigation were presented. In this contribution, we briefly summarize the methods and present text proposal for inclusion in the TDD HeNB TR 36.9xx.
2. Text Proposal
7.2 Control of HeNB Downlink Interference

…

7.2.x
HeNB Downlink Control Channel Protection

Typically, a macro-eNB transmits at a much higher power (e.g. 46 dBm for 10 MHz) relative to HeNB (20 dBm). Therefore, the coverage of macro-eNB is typically larger and there can exist a region  around the macro-eNB within which the transmissions from HeNB are interfered if a user happens to be connected to or camped on HeNB. For smaller cells (for example cells with inter-site distance less than 2 km), HeNBs deployed anywhere in the network experience significant interference from macro-eNBs. This can lead to problems both in connected mode and in idle mode such as:

1. UE being unable to reliably decode paging channel resulting in missed pages and therefore a users inability to receive UE-terminated calls,
2. UE being unable to read common control channels, and
3. Throughput degradation or degraded PDSCH performance.
In order to address this problem, one possibility is to time-shift HeNB control regions relative to the macro-eNB and have the macro-eNB attenuate or mute symbol portions that overlap it. A two step approach towards this end is described in the following.
7.2.x.1
Step 1: Overlapped carriers with frame time shifting at symbol level
This approach uses time shifting of HeNB transmission by k symbols (i.e. to avoid overlap with macro-eNB control region size k) and uses macro-eNB power reduction or muting on the portion of a symbol (or symbols) that overlap the control region of HeNB (see Figure 7.2.x.1).  The macro-eNB could also use power reduction on all the RBs (i.e. say 25 RBs) overlapping the HeNB control region to improve PDSCH performance for HeNB if HeNB is very close to macro-eNB and HeNB uses only a portion of the bandwidth (i.e. 25 PRBs when the overlay macro-eNB uses 50 PRBs) . A single OFDM symbol HeNB control region (n = 1) is preferred for PDSCH efficiency which leaves 5 CCEs for HeNB control channels which should be sufficient for HeNB control signaling.  
Due to the time shift of HeNB transmissions, the last k symbols of the HeNB PDSCH region would see interference from the macro-eNB control region.  The HeNB PDSCH overlap with macro-eNB control region could be further mitigated by either (a) using truncation so that only 14-n-k symbols would be used for HeNB PDSCH or (b) not using truncation (i.e., using 14-n symbols) but accounting for the overlap via MCS selection. 

Since the interference from the macro-eNB carrier on the HeNB PDCCH signals (control region) is being avoided by time shifting, the macro-eNB carrier need not be segmented (Note that carrier segmentation is not available for Rel-8 or Rel-9). In other words, macro-eNB and HeNB can use overlapping frequency resources or even the same carrier frequency. In Figure 7.2.x.1, a two symbol shift (k = 2) is shown where the HeNBs SCH do not overlap with macro-eNB SCH. The macro-eNB PBCH overlaps with the HeNB PBCH only on two symbols. The macro-cell would have to mute or attenuate its PDSCH symbol(s) overlapping the HeNB control region and would also attenuate/mute RBs or just the overlapping REs that overlap HeNB’s PBCH/SCH. If attenuation/muting is carried on a PRB level (by scheduling only close-by UEs or not scheduling any UEs in 6 PRBs respectively), scheduling can be conducted as normal. 
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Figure 7.2.x.1. Step 1 and 2: Shift HeNB subframes by k = 2 symbols relative to macro-cell

7.2.x.2
Step 2: Apply UL timing advance control
In Figure 3, TDD configuration 1 (DSUUD) with 5 ms DL-to-UL switch point periodicity is shown. The DL subframes from HeNB is offset by k OFDM symbols relative to macro-eNB DL frame timing as per step 1. Typically, a serving eNB applies a UL timing advance to a UE that takes into the account the propagation delay between the eNB and the UE to ensure that DL and UL frame timing, from the perspective of eNB antennas are aligned. To a first order approximation, the value of the timing advance is equal to the eNB-UE propagation delay.

But, the UL transmission from a UE attached to HeNB can potentially interfere on the macro-eNB downlink if a timing advance is equal to the eNB-UE propagation delay, as the macro-eNB DL transmission starts k symbols earlier than the HeNB DL transmission. To a first order approximation, if the UL timing advance of a UE attached to HeNB is set to (eNB-UE propagation delay + k*ofdm_symbol_duration), the UE does not interfere with macro-eNB DL transmission. This reduces the “effective” guard period to 

GP’ = GP - k*ofdm_symbol_duration.

Note that, this (i.e., complete avoidance of UE UL transmission interference with macro-eNB DL) may or may not be possible depending on the special subframe configuration being used (i.e., the lengths of the DwPTS and UpPTS), as it may not always be possible to satisfy the requirement that

GP’ > 2*T_prop_max + rx-tx switch delay + k*ofdm_symbol_duration, where T_prop_max = maximum MeNB UE propagation delay.
However, we note that TDD allows for several special subframe configurations where the GP is sufficiently long to enable the extra timing advance.

[image: image2.emf]D s U U D

D s U U D

DwPTS

GP

UpPTS

Gap

eNB1

eNB2

D

D

k symbols


Figure 7.2.x.2. HeNB’s frame timing is offset relative to macro-eNB by k OFDM symbols

In this step, 
· the interference from macro-eNB transmission to PDCCH transmission from HeNB can be potentially avoided completely if k >= NCtrl2, where NCtrl2 is the number of control symbols used by HeNB.

· with k = 4 (Figure 4), the inference on P/S-SCH transmissions from macro-eNB to P/S-SCH from HeNB can be completely avoided. And so is macro-eNB PBCH to HeNB PBCH interference. However, macro-eNB S-SCH transmission (one OFDM symbol/6 PRBs) interferes with the HeNB PBCH. This resulting “effective” guard period (GP’) might be sufficient for most cellular deployments (eg. micro-urban, small cell suburban, etc.).

· with k = 10 (Figure 5), macro-eNB PBCH and P/S-SCH transmission interfering with HeNB PBCH and P/S-SCH can be completely avoided. However, the resulting “effective” guard period of one OFDM symbol period may not be sufficient for most deployments.

· for TDD configurations with 5 ms DL/special/UL subframe periodicity, i.e., configurations 0, 1 and 2 (so called “half-frame symmetric” configurations), an offset equal to k = 71/72 (i.e., 5 subframes plus 1 or 2 OFDM symbols) can be applied to HeNB together with macro-eNB muting or reduced power transmission on overlapping resources to completely avoid macro-eNB interference to a HeNB’s PDCCH/PCFICH/PHICH/PBCH/SCH. This concept of half-subframe (= 5 ms) plus a fractional subframe shift can be applied to configuration 6 with some scheduling DL/UL restrictions on subframes 4 and 9 for either macro-eNB or HeNB or both. Configuration 2 with k = 71 is shown in Figure 6. Macro-eNB PBCH and P/S-SCH transmission interfering with HeNB PBCH and P/S-SCH can be completely avoided. The resulting “effective” guard period is likely to be sufficient in most deployments.

· in an analogous fashion, other values of k with different levels of interference from macro-eNB to HeNB can be envisaged.
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Figure 4. Frame timing of HeNB is offset relative to macro-eNB by k = 4 OFDM symbols
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Figure 5. Frame timing of HeNB is offset relative to macro-eNB by k = 10 OFDM symbols
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        Figure 6. Frame timing of HeNB is offset relative to macro-eNB by k = 5*14+1 = 71 OFDM symbols
7.2.x.3
Signaling offset over the backhaul
In order that the macro-eNB knows where to apply power attenuation to reduce interference to HeNB downlink control, it would be desirable if all the HeNBs within the coverage area of the macro-eNB were to use the same symbol offset k. So, suitable signaling over the backhaul (X2/S1) is necessary to enable a common frame timing offset.
7.2.x.4
Synchronization requirement in TDD

The cell phase synchronization requirements in TS 36.133 require that two eNBs with overlapping coverage need to have frame timing within 3 us or 10 us depending on the cell radius. If this requirement is extended to cover HeNBs, then the control channel protection approach described above cannot be enabled. However, if the synchronization requirement is relaxed, there is danger that unwanted UL to DL interference and DL to UL interference can arise leading to large degradations. The methods presented above have been designed taking into account the need to avoid DL to UL and UL to DL problem. This can be enabled in the specification with changes to the existing synchronization requirements by making sure the HeNBs use a timing advance to their UEs that is at least as large the excess timing offset between the macro-eNB and HeNB. The following is an example text proposal for TS 36.133 towards this end. 
7.2.x.5
Example text proposal to TS 36.133
<start of TP to TS 36.133>

7.4
Cell phase synchronization accuracy (TDD)

7.4.1
Definition

Cell phase synchronization accuracy is defined as the maximum absolute deviation in frame start timing between any pair of cells on the same frequency that have overlapping coverage areas.

7.4.2
Minimum requirements applicable to non-HeNBs
The cell phase synchronization accuracy measured at BS antenna connectors shall be better than the requirement specified in table 7.4.2-1. If a cell’s coverage area overlaps with another cell with different cell radius then the cell phase synchronization accuracy corresponding to the larger of the two cell sizes applies to the overlapping cells with different radii. 
Table 7.4.2-1  Cell phase synchronization requirement (TDD)

	Cell Type
	Cell Radius
	Requirement 

	Small cell
	( 3 km
	( 3 (s

	Large cell
	> 3 km
	( 10 (s


7.4.3
Minimum requirements applicable between macro-eNB and HeNB
The cell synchronization timing difference measured at BS antenna connectors between a macro-eNB and a HeNB shall be within a cell phase synchronization error of k OFDM symbol durations where the phase synchronization error is specified in Table 7.4.2-2. The parameter k is specified in Table 7.4.2-3.
In other words,  |Tmacro-eNB + k*TOFDM  –  THeNB| should be less than the cell phase synchronization error specified in Table 7.4.2-2, where 
Tmacro-eNB is the macro-eNB frame timing relative to a time reference,

THeNB is the HeNB frame timing relative to the same time reference, and

TOFDM is the duration of one OFDM symbol.
If a cell’s coverage area overlaps with another cell with different cell radius then the cell phase synchronization accuracy corresponding to the larger of the two cell sizes applies to the overlapping cells with different radii. 
The HeNB shall apply a uplink timing advance value that is at least as large as that specified in Table 7.4.2-4 to any UE connected to it.
Table 7.4.2-2  Cell phase synchronization error
	Cell Type
	Cell Radius
	Requirement 

	Small cell
	( 3 km
	( [X] (s

	Large cell
	> 3 km
	( [Y] (s


Table 7.4.2-3  Offset applicable to different TDD configurations
	Uplink-downlink 

configuration
	k offset (in number of OFDM symbols)

	
	

	0
	0, 1, 2, 3, 4, 71, 72, [other values TBD]

	1
	0, 1, 2, 3, 4, 71, [other values TBD]

	2
	0, 1, 2, 3, 4, 71, [other values TBD]

	3
	0, 1, 2, 3, 4, [other values TBD]

	4
	0, 1, 2, 3, 4, [other values TBD]

	5
	0, 1, 2, 3, 4, [other values TBD]

	6
	0, 1, 2, 3, 4, [other values TBD]


Table 7.4.2-4  Minimum timing advance applicable to different k
	k
	k offset (in number of OFDM symbols)

	
	

	0
	0 

	1
	TOFDM-1

	2
	TOFDM-1 + TOFDM-2

	3
	TOFDM-1 + 2*TOFDM-2

	4
	TOFDM-1 + 3*TOFDM-2

	71
	TOFDM-1

	 72
	TOFDM-1 + TOFDM-2

	TBD
	TBD


Note: For normal CP, TOFDM-1 = (2048+160) Ts 
and TOFDM-2 = (2048+144) Ts, 
 For extended CP, TOFDM-1 = TOFDM-2 = (2048+512) Ts.
7.4.4 Minimum requirements applicable between HeNBs

The cell synchronization timing difference measured at BS antenna connectors between two HeNBs shall be less than the cell phase synchronization error specified in Table 7.4.2-2.
<end of TP to TS 36.133>

…

3. References
[1]  R4-093220, “Heterogeneous Support for Reliable Downlink Control,” Motorola.
[2]  R4-093882, “Downlink Control Channel Protection in LTE TDD,” Motorola.
[3]  R4-091976, “LTE-FDD HeNB Interference Scenarios,” Vodafone.




























































PAGE  
1

_1312797737.vsd
D


D


s


U


U


D


D


s


U


U


D


DwPTS


GP


UpPTS


Gap


eNB1


eNB2


D


k symbols



