3GPP TSG-RAN WG1 Meeting #60

R1-101122
San Francisco, USA, Feb 22-26, 2010
Agenda Item:
8.2.2
Source: 
Motorola 
Title: 
Downlink Control Protection in LTE 
Document for:
Discussion
· Introduction
Fractional subframe/symbol offsetting for mitigating the problem of downlink interference from macro-eNBs to home-eNBs deployed within the coverage of an overlay macro network is considered in the case of LTE TDD (see [1] for FDD). Such shifting is shown to form an effective framework for mitigating the effect of macro-eNB interference in heterogeneous deployments (that might include RRH/hotzones, relays, home-eNBs, etc.).
· Discussion 
The present contribution concerns mitigating the problem of DL interference from a high power eNB (eg. macro-eNB) when a lower power eNB (relay node/femto-cell/CSG cell/HeNB/etc.) is deployed within the coverage area of the high power eNB as shown in Figure 1. The following scenarios can be envisaged.

· In LTE Rel-9 and beyond, co-channel and shared channel home-eNB (HeNB) deployments where at least a part of the deployed BW is shared with macro-cells are considered to be high-risk scenarios from interference point-of-view [2]. When a UE is associated with (i.e., connected to or camped on) a HeNB and the HeNB is deployed close to a macro-eNB (MeNB), the UE can be severely interfered with from the MeNB transmissions. The percentage of HeNBs that get deployed close to the MeNB gets smaller with increase in cell size, but, typical urban deployments (urban micro/macro) are interference-limited and not budget-limited, and as a result the problem of MeNB interference is non-trivial [3]. 

· In LTE-A, in-band decode and forward relaying involves relay nodes (RN) deployed on the same carrier as the overlay macro-cell. In order to enable Rel-8 backwards compatibility, all the control channels (e.g. PDCCH, PHICH, PCFICH, PBCH, P/S-SCH) need to be transmitted on RN DL at least for Type 1 relays. 

Typically, eNB1 transmits at much higher power (eg. 46 dBm for 10 MHz) relative to eNB2 (eg. 30 dBm for RN, 20 dBm for a HeNB for 10 MHz). Therefore, the coverage of eNB1 is typically larger and there exists a region (the so called “exclusion zone” in large cells) around eNB1 within which the transmissions from eNB2 are interfered if a UE happens to be connected to/camped on eNB2. For smaller cells (for example as modeled by Case 1 and Case 3 in TR 36.814), HeNBs deployed anywhere in the network experience significant interference from MeNBs. 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-cell’s and have the macro-cell attenuate or mute symbol portions that overlap it [1]. We explore the applicability of this method in the present contribution.
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Figure 1 - DL interference from eNB1 (macro-cell) to eNB2 (RN/HeNB/etc.)

· Fractional subframe offsetting and UL Timing Advance

The solution comprises two steps as follows.
Step 1: Overlapped carriers with time shifting at symbol level for non-overlapped control

Step 1 uses time shifting of eNB2 transmission by k symbols (i.e. to avoid overlap with eNB1 control region size k) and uses eNB1 power reduction or muting on the portion of a symbol (or symbols) that overlap the control region of eNB2 (see Figure 2).  The eNB1 could also use power reduction on the RBs overlapping the eNB2 control region to improve PDSCH performance for eNB2 if eNB2 is very close to eNB1 and eNB2 uses only a portion of the bandwidth (i.e. 25 PRBs when the overlay MeNB uses 50 PRBs) . For example, if eNB2 is a HeNB, a single OFDM symbol eNB2 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 eNB2 transmissions, the last k symbols of the eNB2 PDSCH region would see interference from the eNB1 control region.  The eNB2 PDSCH overlap with eNB1 control region could be further mitigated by either (a) using truncation so that only 14-n-k symbols would be used for eNB2 PDSCH or (b) not using truncation (i.e, using 14-n symbols) but accounting for the overlap via MCS selection. 

For step 1, since the interference from the eNB1 carrier on the eNB2 PDCCH signals (control region) is being avoided by time shifting, the eNB1 carrier need not be segmented (as proposed in [1]). In other words, eNB1 and eNB2 can use overlapping frequency resources or even the same carrier frequency. An additional subframe shift subframe shift (eg. k = 15 or 16 total symbols) is needed so that the eNB2s SCH/PBCH do not overlap with MeNBs SCH/PBCH.  Then macro-cell would have to mute or attenuate its PDSCH symbol(s) overlapping the eNB2 control region and would also attenuate/mute RBs or just the overlapping REs that overlap eNB2’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 and therefore, there are no Rel-8 backwards compatibility issues.  

Proposal 1: Assume eNB1 timing reference is available at eNB2.  Shift eNB2 downlink subframe by k symbols relative to macro-cell downlink subframe so no overlap in their control regions. Macro-cell attenuates or mutes symbol(s) in its PDSCH region that overlap the eNB2 control region.  Macro-cell attenuates or mutes PRBs or just the overlapping REs in PDSCH region that overlap SCH or PBCH. 
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Figure 2 – Step 1 and 2: Shift HeNB subframes by k = 2 symbols relative to Macro-cell

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 eNB2 is offset by k OFDM symbols relative to eNB1 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 eNB2 can potentially interfere on the eNB1 downlink if a timing advance is equal to the eNB-UE propagation delay, as the eNB1 DL transmission starts k symbols earlier than the eNB2 DL transmission. To a first order approximation, if the UL timing advance of a UE attached to eNB2 is set to (eNB-UE propagation delay + k*ofdm_symbol_duration), the UE does not interfere with eNB1 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 eNB1 DL) may or may not 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.
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Figure 3 - eNB2’s frame timing is offset relative to eNB1 by k OFDM symbols

In this step, 
· the interference from eNB1 transmission to PDCCH transmission from eNB2 can be potentially avoided completely if k >= NCtrl2, where NCtrl2 is the number of control symbols used by eNB2.

· with k = 4 (Figure 4), the inference on P/S-SCH transmissions from eNB1 to P/S-SCH from eNB2 can be completely avoided. And so is eNB1 PBCH to eNB2 PBCH interference. However, eNB1 S-SCH transmission (one OFDM symbol/6 PRBs) interferes with the eNB2 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), eNB1 PBCH and P/S-SCH transmission interfering with eNB2 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 eNB2 together with eNB1 muting or reduced power transmission on overlapping resources to completely avoid interference from eNB1 on PDCCH/PCFICH/PHICH/PBCH/SCH of eNB2. 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 eNB1 or eNB2 or both. Configuration 2 with k = 71 is shown in Figure 6. eNB1 PBCH and P/S-SCH transmission interfering with eNB2 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 eNB1 to eNB2 can be envisaged.
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Figure 4. Frame timing of eNB2 is offset relative to eNB1 by k = 4 OFDM symbols
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Figure 5. Frame timing of eNB2 is offset relative to eNB1 by k = 10 OFDM symbols
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        Figure 6. Frame timing of eNB2 is offset relative to eNB1 by k = 5*14+1 = 71 OFDM symbols

· Conclusions
In this contribution, we demonstrated/proposed an effective FDD/TDD HeNB DL interference mitigation technique based upon:-

· Fractional subframe/symbol offsetting extended in a straightforward way to TDD. 
· A two-step approach where step 1 can be applied on a stand-alone basis for FDD. 
Some further observations are:-
1. In order to enable the MeNB to selectively attenuate/mute specific OFDM symbol(s) or RBs, exchange of timing information between MeNB and HeNB may be necessary.

2. If attenuation/muting is done at RB granularity, Rel-8 UEs can be scheduled in a UE-transparent manner.

3. The methods presented do not have any RRM impact.

4. The impact of these methods to macro-cell DL throughput is expected to be negligible as a small power reduction (e.g. 3-6 dB) is likely adequate and the fraction of time/frequency resources affected is a small relative to that available in 5/10 MHz networks.
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