3GPP TSG RAN1 #57bis





 

          R1-092640
Los Angeles, USA
Jun 29 – July 03, 2009

Agenda Item:
15.8
Source:
Motorola

Title:
Heterogeneous Support for Reliable Downlink Control
Document for:
Discussion 

1. Introduction
Several different alternatives are given for ensuring reliable HeNB downlink control when the HeNB is close to a macro-cell eNB (MNB) if they are time aligned.   Some alternatives rely on a Rel-9 UEs having additional functionality that is similar to a simplified version of carrier aggregation (sub-20MHz and contiguous) although this feature would need to be moved to Release-9.  In this case, separate control channel support is needed so that the PDCH in a carrier can schedule resources in a bandwidth that exceeds the PDCCH transmission bandwidth..  Another 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.  Similarly the macro-cell can attenuate RBs that align with the HeNB’s time-shifted SCH and PBCH.  Carrier aggregation is not necessarily needed in this latter case.
2. Alternative 1: Carrier Segmentation + Carrier Aggregation
Unlike data (PDSCH, PUSCH), there is no HARQ for control channel transmissions which must typically target fairly low BLER of 1% or less.  Low transmission power HeNBs in proximity of high power Macro-cells will not have reliable downlink control channels (e.g. PDCCH, PHICH, PCFICH, PBCH, SSCH).  One way to solve this is to segment the LTE carrier and allow the MNB and HeNB to transmit their control signaling in separate frequency domain resources.  For example, if the LTE carrier is 20MHz then it would be segmented into 5MHz and 15MHz carriers on the downlink with the MNB transmitting its control signaling (PDCCH, PHICH, PCFICH, P-SCH, S-SCH, PBCH) on the 15 MHz carrier and the HeNB transmitting its control signaling on the 5 MHz carrier (see Figure 1).  Carrier segmentation would avoid any downlink control channel reliability problems.
Both Release-8 UEs and Release-9 UEs would access the MNB as a 15 MHz carrier and receive control and broadcast signaling from MNB within 15 MHz.  However, Release-9 UEs can additionally be assigned PDSCH resource on the remaining 5 MHz frequency resources using DCI types corresponding to 20 MHz.  For HeNB, both Release-8 UEs and Release-9 UEs would access the HeNB as a 5 MHz carrier while Release-9 UEs can additionally be assigned PDSCH resources on the remaining 15 MHz frequency resource using DCI types corresponding to 20 MHz.  Therefore, Release-8 UEs would be limited to allocations of 25 RBs (when attached to HeNB) or 75 RBs (when attached to MNB).  Release-9 UEs could be assigned any portion of the 100 RBs (when attached to either the MNB or HeNB).

Release-9 UEs would be signaled by higher layers on whether to monitor normal DL DCI types corresponding to the DL carrier bandwidth (25 RBs if attached to a 5MHz carrier or 75 RBs if attached to a 15 MHz carrier) or to monitor wideband DL DCI types corresponding to 20MHz with 100 RBs.  Although the wideband DL DCI types correspond to 20 MHz resource allocations, they are still signaled on PDCCH spanning the nominal carrier bandwidth (i.e. 5 or 15 MHz) of the carrier that the Rel-9 UE is attached to.  Further, reception of wideband DL DCI’s can be restricted to the UE specific spaces.  Rel-9 UEs can still continue to receive normal DCI types in the common search space for PDCCHs that signal broadcast messages.

For UL, both Rel-8 and 9 UEs would monitor UL DCI types corresponding to 20MHz carrier bandwidth at both HeNB and MNB.  Uplink control signaling reliability can be maintained by using PUCCH offset (so called “PUCCH over-provisioning”) for orthogonal PUCCH assignments between the HeNB and MNB carriers. Since the UL resources are not segmented, UL resource grants can be signaled to both Rel-8 and Rel-9 UEs using 20 MHz DCI types.  This requires that Rel-8 devices be tested to ensure they are capable of handling asymmetric DL and UL bandwidths (in this example, DL=5/15MHz and UL=20MHz). The DL (dl-Bandwidth) and UL (ul-Bandwidth) system bandwidths are signaled on MIB and SIB-2 respectively (see TS 36.331).  Rel-8 device would also have frequency offset between its DL and UL center frequencies.  A PBCH and SCH occur in the center of each carrier as defined in Rel-8.
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Figure 1 – Cell deployment and subframe structure for heterogeneous support in Release-8 and 9
Proposal Alt1: Assume subframe time-alignment between macro-cell and HeNB/Femto/Relay.  Signaling supported in release-9 to indicate BW of DCI format types to enable resource assignment signaling of up to 20 MHz on a PDCCH that spans a smaller bandwidth (e.g. only 5 or 15 MHz). Alternatively, allow a separate PDCCH on one carrier to indicate resource allocations on a frequency segment attached to the carrier with control signaling (e.g. 5 MHz carrier PDCCH indicates allocations in 15 MHz frequency segment).
Proposal: Use PUCCH symmetrical offset (so called “PUCCH over-provisioning”) to maintain orthogonal PUCCH assignments when uplink carriers overlap (e.g. both UL carriers are 20MHz).

3. Alternative 2: Overlapped carriers with time shifting for non-overlapped control
Alternative 2 uses time shifting of HeNB transmission by k symbols (i.e. to avoid overlap with MNB control region size k) and uses MNB power reduction or muting on the portion of a symbol (or symbols) that overlap the control region of HeNB (see figure 2).  The MNB could also use power reduction on all the RBs (i.e. the 25 RBs) overlapping the HeNB control region to improve PDSCH performance for HeNBs very close to the MNB.  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-cell control region.  The HeNB PDSCH overlap with macro-cell control region could be accounted for by either (a) doing nothing and use all non-control symbols for PDSCH, (b) use truncation so only 14-n-k symbols would be used for HeNB PDSCH or (c) still use 14-n symbols but account for overlap via MCS selection. Since the interference from the MNB carrier on the HeNB PDCCH signals (control region) is being avoided by time shifting the MNB carrier need not be segmented.  The HeNB carrier can still be segmented (similar to Alternative 1).   
Carrier segmentation for HeNB can be also avoided (as shown in Figure 3) by allocating HeNB the full 20 MHz band as well but then an additional single subframe shift (k=16 total symbols) is needed so its SCH/PBCH do not overlap the macro-cell’s.  Then the macro-cell would mute or attenuate its PDSCH symbol(s) overlapping the HeNB control region and would also attenuate/mute RBs that overlap HeNB’s PBCH/SCH.  RRM measurements of HeNB are conducted as normal.  

Note Table 1 below summarizes the different control reliability techniques being considered in this paper.
Proposal Alt2: Assume HeNB is time aligned with macro-cell.  Shift HeNB 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 HeNB control region.  Macro-cell attenuates or mutes PRBs in PDSCH region that overlap SCH or PBCH. 
Table 1 – Control Reliability Techniques for Homogeneous Deployments
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n - is size of MNB control region (preferably n<3)

* if carrier aggregation then symbol muting is required for maintaining HeNB control region orthogonality

** if carrier aggregation then MNB does not allocate RBs overlapping HeNB's PBCH/SCH

*** Muting by MNB for symbol portions of PDSCH RBs overlapping HeNB control region

III - relies on PDCCH repetition assuming fixed control region size of 3 symbols (preferably also for MNB)

IV - MNB should not schedule RBs overlapping HeNB's PBCH/SCH -- this requires coordination
4. Alternative 3: Overlapped carriers with k=14 symbol (1 subframe) time-shift

In this case, time shifting to avoid control alignment between the MNB and HeNB is not done.  Instead, the HeNB repeats each PDCCH in its control region (or uses extra CCEs) and always uses the largest PCFICH (e.g. n=3) which could be signaled to Release-9 UEs via SIB.  If HeNB has same bandwidth as MNB then full subframe shift (k=14) is needed so that HeNB transmissions of PBCH and SCH do not overlap with MNB transmissions of its PBCH and SCH.  Additionally, the MNB can attenuate or mute PDSCH RBs that overlap with HeNB’s PBCH/SCH.  The MNB can also attenuate or mute the transmissions in some portions of its control region.  Alternatively, a set of MNB CCEs can be blocked from use to reduce interference on a relatively small number of HeNB CCEs (n=1 HeNB control region size is then possible).  The small number of CCEs should be adequate for HeNB scheduling.

Proposal Alt3: Overlap carriers and rely on PDCCH repetition or increased #CCEs/PDCCH to sustain PDCCH coverage.  Use 1 subframe shift so PBCH and SCH of HeNB do not overlap with MNB’s.  MNB can attenuate/mute RBs that overlap HeNB’s PBCH/SCH as well as portions of its control region. 
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Figure 2 – Alternative 2a: Shift HeNB subframes by k=2 symbols relative to Macro-cell
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Figure 3 – Alternative 2b: Shift HeNB subframe by k=16 symbols relative to macro-cell.  Note: HeNB SCH and PBCH occur in next subframe (not shown in the above) given k=16.
5. Common RS issues – HeNB and Macro-cell subframe time aligned case
Common reference symbols (CRSs) for the Macro-cell and HeNB can be configured to use different CRS frequency shifts to avoid full alignment which may help with HeNB channel estimation.  Note that choosing guard band(s) appropriately through selection of raster frequencies is another way to shift the Common RSs of the different bands to control the degree of overlap (see Figure 5).  If HeNB and Macro-cell are not subframe time aligned then CRS overlap does not need to be addressed.  Release-9 UE served by the HeNB can rate match around the Macro-cell CRS RE locations. 
Proposal: Shift RS using existing PCID method and/or by selection of carrier raster frequencies to improve channel estimation of HeNB/Femto/Relay transmissions.  Power boosting of CRS also possible.
6. Downlink Guard Band issues
DC subcarriers of the MNB DL carrier (15 MHz for Rel-8) and the HeNB DL carrier (5 MHz for Rel-8) should be on the 100 kHz raster locations so they are accessible to Rel-8 UEs (e.g. see Figure 4).  Release-9 UEs would still only require a single FFT to demodulate transmissions for resource allocations spanning 20 MHz by shifting their center frequency to a frequency corresponding to 20 MHz. For example, in Figure 5 the release-9 UE would first camp on 5 or 15 MHz raster then shift its center frequency to the 20 MHz carrier raster frequency.  Figure 5 also shows two possible raster selections for the 5 and 15 MHz carriers.  One raster selection results in 1 subcarrier overlap for the 5 and 15 MHz carriers and the other results in a guard interval of 59 subcarriers which would tend to mitigate any adjacent carrier interference (ACI).
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Figure 4 - UEs camp on 5 or 15 MHz carrier with raster frequencies separated by multiple of 300 kHz
[image: image7.emf]20 MHz

5 MHz

1 subcarrier overlap

15 MHz

 5 MHz 15 MHz

59 subcarrier guard 

region



  

G  

              

  

G



  

G         

   

   

G

 

 

G



                   

   

G


Figure 5 – Possible raster mapping of 5 and 15 MHz DL carriers.  Release-8 UEs camp on the 5 or 15MHz carrier.  Release-9 UEs would initially but later shift center frequency to 20 MHz carrier. 
Proposal: Eliminating guard band between 5 and 15 MHz carrier (1 subcarrier overlap due to extra DC) so 20MHz band used by Release-9 UEs completely includes 5 and 15 MHz carrier RBs. Adjacent carrier interference (ACI) is higher in this case compared to using a guard band (e.g. 59 subcarrier guard band). ACI mitigation is lost if the guard band is cannibalized for more RBs for Rel-9 UE allocations.
7. Conclusion
Several techniques, assuming time alignment, are proposed to achieve reliable control for heterogeneous deployments.   Some of the proposed techniques, to achieve full spectral efficiency, would need Rel-9 UEs to have additional functionality similar to simplified DL only sub-20MHz carrier aggregation being considered for Relase-10.  Other techniques use subframe time shifting and symbol power reduction or muting of portions of PDSCH RBs or symbols that overlap with low power HeNB control.  The following is proposed:-
Proposal Alt1: Assume subframe time-alignment between macro-cell and HeNB/Femto/Relay.  Signaling supported in release-9 to indicate BW of DCI format types to enable resource assignment signaling of up to 20 MHz on a PDCCH that spans a smaller bandwidth (e.g. only 5 or 15 MHz). Alternatively, allow a separate PDCCH on one carrier to indicate resource allocations on a frequency segment attached to the carrier with control signaling (e.g. 5 MHz carrier PDCCH indicates allocations in 15 MHz frequency segment).

Proposal: Use PUCCH symmetrical offset (so called “PUCCH over-provisioning”) to maintain orthogonal PUCCH assignments when uplink carriers overlap (e.g. both UL carriers are 20MHz).

Proposal Alt2: Assume HeNB is time aligned with macro-cell.  Shift HeNB 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 HeNB control region.  Macro-cell attenuates or mutes PRBs in PDSCH region that overlap SCH or PBCH. 

Proposal Alt3: Overlap carriers and rely on PDCCH repetition or increased #CCEs/PDCCH to sustain PDCCH coverage.  Use 1 subframe shift so PBCH and SCH of HeNB do not overlap with MNB’s.  MNB can attenuate/mute RBs that overlap HeNB’s PBCH/SCH as well as portions of its control region.
Proposal: Shift RS using existing PCID method and/or by selection of carrier raster frequencies to improve channel estimation of HeNB/Femto/Relay transmissions.  Power boosting of CRS also possible.
Proposal: Eliminating guard band between 5 and 15 MHz carrier (1 subcarrier overlap due to extra DC) so 20MHz band used by Release-9 UEs completely includes 5 and 15 MHz carrier RBs. Adjacent carrier interference (ACI) is higher in this case compared to using a guard band (e.g. 59 subcarrier guard band). ACI mitigation is lost if the guard band is cannibalized for more RBs for Rel-9 UE allocations.
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