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Summary

This document is intended to capture all the findings from an extensive study on the proposal of introducing “blank” subframe in LTE Release 9 in [11]. Based on the performance assessment and necessity analysis, our conclusions are:
· Blank subframe could have major impact on Rel-8 UE implementation and (critically) terminal re-design including ASIC revisions, plus performance degradation that consequently requires significant re-work in revisiting performance requirements in RAN4 and test development in RAN5. Significantly, we anticipate considerable re-working of inter-vendor LTE Rel-8 IOT test plans.
· In case Rel-8 UEs are required to support blank subframes, it means a reversal of the decision made at the RAN#42 plenary meeting in December 2008. A minimum of nine- to twelve months of set-back to LTE Rel-8 specification schedule, and ultimately commercial deployment, could be expected. We note that there is no similar proposal or likelihood of a slip in specification release for other technologies such as UTRA (WCDMA/HSPA) Rel-8. 
· The MBSFN subframe defined in Rel-8 has been widely assumed as the baseline to provide forward compatibility when serving only UEs of future release. LTE-A features, such as relaying, enhanced DL-MIMO, and CoMP, have been under development based on MBSFN subframes for over a year and this progress would be set back. There is no evidence that blank subframes are necessary for forward-compatibility. The only difference between blank and MBSFN subframe is zero control region vs. a control region consisting of maximum of two control symbols which amounts to negligible overhead. 

· If the network can be configured to use either blank or MBSFN subframe depending on Rel-8 UE’s presence, it still means that LTE-A features will need to be developed for both scenarios – using blank or MBSFN subframes. This will significantly increase the complexity of the LTE system and future terminals, and will complicate further evolution of LTE. 
A list of findings that support the above conclusion is provided below, along with a brief review of the background/history and issue at stake (blank vs. MBSFN subframe) for the sake of completeness. For further in-depth analysis and quantitative evaluation, refer to the rest of the document. 
History recap and issue at stake
In RAN1 #54bis meeting (Prague, Czech Republic, Sept. 29 – Oct. 3, 2008), the discussion paper in [1] first proposed the introduction of a new Rel-8 feature of “blank” subframes, which has zero symbols used for PDCCH (consequently no Common Reference Symbol (CRS)), as opposed to the existing stable Rel-8 MBSFN subframe definition that requires the number of OFDM symbols reserved for PDCCH to be either one (1 or 2 antenna ports case) or two (4 antenna ports case). As opposed to blank subframes, MBSFN subframes will ensure for Rel-8 UEs that there will be CRS transmitted in the first one or two symbols in each downlink frame. These CRS are used in existing Rel-8 UE implementations to enhance channel estimation, measurements, etc. Of special significance here is the resulting improved PDCCH and control channel reception for initial LTE system link budget support and cell range optimisation.
The proposal was motivated by the observation that blank subframe will make it simpler to develop an in-band LTE-A Relay solution that can support Rel-8 UEs. The debate in RAN1 reached no consensus and hence a decision was deferred to RAN plenary #44 in December of 2008. Based on many companies’ concerns of performance impact and the implication of such a late-stage change, the proposal was withdrawn.

The recent proposal in [11] was presented in RAN 1#57bis in Los Angeles meeting in June 29 – July 3, 2009, which asks for blank subframes to be supported in Rel-9, instead of Rel-8, UEs. It was argued based on the perception that a blank subframe would be “cleaner” than MBSFN subframes, and hence more “future proof”. We find little new in this proposal, however, over the prior RAN#44 discussion.
Our view:
1. Rel-8 UE Impact 
· The CRS present in MBSFN subframe provides performance gains in inter-frequency measurement accuracy (of about 0.5 dB). More importantly, gains of 1.0 to 1.5 dB in PDCCH decoding and a gain of up to 1.5 dB in PDSCH decoding are observed. These performance enhancements are especially critical in maintaining downlink control channel coverage in LTE networks co-located with existing network deployments. Conversely, we will see this level of FDD performance degradation due to the blank frame feature proposal.

· To keep the performance degradation to the minimum, Rel-8 UEs need to be modified to optimize existing channel estimation and measurement algorithms separately for MBSFN and blank subframe depending on eNB configuration, which requires significant design effort in implementation, RAN4/5 testing, and RAN4/5 specification changes. Further, in order to validate correct Rel-8 terminal behaviour in the presence of blank subframes, existing inter-operability test (IOT) programs – such as those currently executing on a bilateral basis between vendors as part of pre-deployment validation or within the scope of LSTI’s network trial program – will need to be revised and expanded to address blank subframe support. We anticipate a consequential delay of 9-12 months in deployment of commercial Rel-8 LTE networks.
· The impact on Rel-8 implementation will require RAN4 to revisit the defined measurement and demodulation test requirements, thus setting back the RAN4 schedule significantly, especially if it means the reverse of the RAN plenary conclusion made in early December of 2008. There will be consequential impact on RAN5 progress.
· RAN4 work load is already heavy, even just to evaluate the proposal for potential adoption of blank subframes in even a Rel-9 time frame. Urgent challenges that RAN4 is currently facing include RF changes associated with Band 20 (800MHz EU spectrum) that is of high commercial interest among European operators, plus similar RF-related issues of interest among Region 3 operators in Band 18/19. Both desire completion of the associated features in Rel-9 time frame, potentially with RF performance and feature support defined on a release-independent basis. The proposal of introducing blank subframes to a Rel-9 UE can then cause problems since an operator’s network may be required to support both UE’s compliant with Rel-8 baseband specification but a Rel-9 RF specification and a Rel-9 UE conformant to both baseband and RF Rel-9 specifications in early deployments of these bands. 

2. Necessity of introducing blank subframe in Rel-9 

· Supporting blank subframe in Rel-9, instead of Rel-8, means that backwards compatibility cannot be ensured. If a network operates with blank subframes, Rel-8 UEs, either a user temporally roaming from another region with Rel-8 networks (i.e., no support of blank subframes) or a legacy locally-registered UE, may not work in the new network unless the network is configured to not use blank subframes.

· If the network can be configured to use either blank or MBSFN subframe depending on Rel-8 UE’s presence, it still means that LTE-A features will need to be developed for both scenarios – using blank or MBSFN subframes. This will significantly increase the complexity of the LTE system and future terminals, and will delay the further evolution of the LTE track within 3GPP (conversely, we see no impact and hence delay to the UTRA/HSPA track).
· All the LTE-A features (relaying, enhanced MIMO, CoMP, etc.) envisioned for Rel-10 are being developed without resorting to any blank subframe assumption. This has not created any obstacles to progress so far and companies have not identified any scenarios where blank subframes provide functionality that is unique over the MBSFN subframe approach. Similar observations apply to  Rel-9 which is envisioned to be an intermediate release before LTE-A.

· Relay technology development has been progressing well under the assumption of using MBSFN subframes for backhaul links. Changing the assumption to blank subframe could nullify nearly one year of progress while the blank subframe appears to have no performance benefits over the MBSFN-based approach. 

· To support enhanced MIMO and CoMP with up to 8-Tx eNBs, Rel-10 UEs are currently envisioned to operate under two types of subframes (MBSFN and Rel-8). For complexity reasons, the same pilot structure is preferred for both subframe types , which means the same channel estimator can be used. Therefore, even if blank subframes were introduced, one could not take advantage of blank subframes to optimize the RS design. 

· Current Rel-9 RAN1 work items included positioning support and enhanced DL transmission, both of which do not require blank subframes.  Positioning RS design principles were agreed that can be used for both Rel-8 and MBSFN subframes.  For enhanced DL transmission, there will not be any CSI-RS which mainly targets LTE-A. 

· It seems that there is no need for revamping existing Rel-8 functions (e.g., PDCCH) that could potentially require the removal of the several CRS at the beginning of the MBSFN subframes. Hence, the blank subframe idea is more for future convenience perceptually than out of absolute necessity.

· The only real difference is that, for MBSFN subframe, eNB is obligated to transmit the CRS in the first one or two symbols, which represents 1-5% of overhead as opposed to blank subframe. The remaining REs can still be used for data REs to Rel-10 UEs. The limited number of CRS in MBSFN subframes may also be useful for LTE-A features, and it should be noted that they ensure backwards compatibility to Rel-8 UEs and no performance loss in mobility measurement and demodulation performance. 

1. Introduction

The document captures Motorola’s study on the possibility of introducing “blank” subframe in LTE Release 9 as proposed in [11]. The proposal of introducing blank subframe in LTE Release 8 [1] was discussed in RAN #44 in December of 2008. Based on many company contributions with independent evaluation, the proposal was withdrawn (see Annex for the summary minutes). 

We will first address the impact to Release-8 UE, much of the previous analysis still applies. Regarding the second question on the pros and cons of introducing blank subframes from Rel-9, thus even risking to make the network not backwards compatible to Rel-8 UEs, we will provide some updated views based on the current LTE-A development. 

2. Impact on Rel-8 UEs Due to Blank Subframes 
The discussion in this section proceeds with a brief recap of the background recap first, then a discussion of implementation change needed to best support blank subframes (together with previous quantitative analysis of performance impact), and finally a discussion on the schedule set-back should Rel-8 UE be re-designed and performance be re-visited in RAN4/5.
2.1. Background and History 
The discussion paper in [1] first proposed the introduction of a new Rel-8 feature of “blank” subframes for enabling LTE-A relay nodes to support Rel-8 UEs. According to the proposed CR in R1-084686 for this new feature, a “blank” subframe is obtained by defining a “new” MBSFN subframe to have zero symbols used for PDCCH (consequently no Common Reference Symbol (CRS)), which deviates from the existing stable Rel-8 MBSFN subframe definition that requires the number of OFDM symbols reserved for PDCCH to be either one (1 or 2 antenna ports case) or two (4 antenna ports case).  

The proposal was originated based on the observation that a blank subframe will make it easy to develop an in-band LTE-A Relay solution that can support Rel-8 UEs. Back in 3GPP RAN1#55, many companies (including the proponents of blank subframes) recognized that backwards compatible Relays can indeed be designed for LTE-Advanced using existing Rel-8 MBSFN subframe definition without the new feature [2]

 REF _Ref214865177 \r \h 
[6]

 REF _Ref214865179 \r \h 
[7][8][9], which is the current assumption for technical development made so far on LTE-A relay technology and ratified even more after the RAN plenary conclusion was made in RAN #44 in December 2008. 

We will discuss the pros and cons of using blank frame for Relay technology in Section 3 in a case study.  But we first focus on Rel-8 UE impact in this section. 
Many companies have provided their analysis on Rel-8 UE impact. For example in [5], the impact of specifying blank subframes for Relay support were discussed from the specification, operation, and implementation perspectives and it can be seen that significant changes are required to support the new feature, including hardware changes and RAN4 specification impact due to the need to re-investigate demodulation and measurement performance. The performance impact on inter- and intra-frequency measurement was also reported in some RAN4 contributions [3]

 REF _Ref214866069 \r \h 
[4]. 

In our previous contribution [12], we provided an assessment on measurement performance impact, demodulation performance impact, and UE implementation impact. The assessment is still valid, nased on which we concluded that:
· The CRS present in MBSFN subframe provide performance gain in inter-frequency measurement accuracy (of about 0.5 dB), as well as gains of 1.0 to 1.5 dB in PDCCH decoding and a gain of up to 1.5 dB in PDSCH decoding. Conversely we will see this level of FDD performance degradation due to the blank frame feature proposal.
· To keep the performance degradation due to blank subframe to a minimal level, Rel-8 UEs need to be modified to optimize existing channel estimation and measurement algorithms separately for MBSFN and blank subframe, which requires significant design effort in implementation, testing, and specification changes.

2.2. Rel-8 UE Implementation Re-design Needed to Support Blank Subframes
Due to the possible configuration of a new blank subframe feature, a Rel-8 UE will be required to implement, ideally for optimal performance, an adaptation algorithm to

1. Perform measurement and demodulation using the CRS in the next or preceding subframe if it is configured as MBSFN subframe (existing operation assumption)
2. Perform measurement and demodulation without using any CRS in the next or preceding subframe if it is configured as blank subframe. It is a new functionality to be implemented and a mechanism for switching between the two. This further requires significant development effort in implementation, calibration, and testing.
Three possible implementations are hence envisioned:

1. Existing implementation if no blank subframes: Perform “1” as above

2. Optimal implementation to support blank subframes: Perform “1” and “2”

3. Suboptimal implementation:  Perform only “2”, similar to the case in TDD (i.e., with the absence of any CRS if a subsequent TDD subframe is designated for uplink)

First we can derive the following two general observations on the three options:

· If Rel-8 UE implementation is modified from existing (“1”) to the support of the new feature (both “1” and “2”), the remaining issue is then the performance difference under MBSFN subframe operation versus blank subframe operation. Thus, in the Relay example, if the RN (Relay Node) is configuring blank subframes, it will affect the measurement accuracy and the demodulation performance for UEs under that RN.
· If Rel-8 UE implementation is modified from existing (“1”) to support the worst case (only “2”), i.e., no assumption of the availability and usability of any CRS before or after the current frame, the performance of Rel-8 UEs that are served by eNB will be affected as well even though there is no blank frame. Thus, if Rel-10 features are enabled using only blank subframes, there will be degradation in performance of Rel-8 UEs due to the lack of CRS. Moreover, having more blank subframes will lead to additional delays in the uplink traffic for a Rel-8 UE since it is forced to assume that the PHICH content on a blanked DL subframe is an ACK.
2.3. Results on mobility measurement performance 

The RSRP measurement performance degradation is evaluated here because fewer CRS are available due to blank subframes. We focus on inter-frequency measurement since the impact is expected to be more significant than the intra-frequency case.

In a measurement period of 480ms, at least 6 measurement gaps are provided to UEs making inter-frequency RSRP/RSRQ measurement, with each gap lasting for 5ms or 5 subframes (excluding an implementation margin of 2*0.5 ms = 1 ms). We compare the existing Rel-8 MBSFN and new blank subframe configuration in terms of the number of CRS-containing symbols available in that 5ms window. Subframe #0, 4, 5, and 9 must be unicast subframes where each unicast subframe has 4 OFDM symbols containing CRS for antenna port #0 and #1.  

· Existing Rel-8 MBSFN subframe: 2 unicast subframes in each 5ms window (8 OFDM symbols containing CRS), plus 3 MBSFN subframes (3 OFDM symbols containing CRS) – a total of at least 11 OFDM symbols with CRS are available for measurements.
· New Blank subframe: 2 unicast subframes in each 5ms window (8 OFDM symbols containing CRS) – a total of 8 OFDM symbols with CRS are available for measurements.

Three propagation channels, AWGN, EPA 5 Hz and ETU 70 Hz were simulated. The degradation due to new blank subframe at 5%-tile and 95%-tile limit points of a 90% confidence interval for the different propagation channels are shown in Table 2 for RSRP and Table 3 for RSRQ. The results show that around 0.5 dB degradation (which is the sum of degradation observed at 5%-tile and 95%-tile end points) is seen for AWGN channel for both RSRP and RSRQ. Similarly, maximum total degradation of 0.55 dB is seen for EPA 5 Hz channel. 

Table 1: RSRP accuracy degradation due to blanking at RS-SINR = -6 dB.
	Propagation channel
	Degradation due to new blank subframe

	
	At 5%-tile point
	At 95%-tile point

	AWGN
	0.25 dB
	0.25 dB

	EPA 5 Hz
	0.15 dB
	0.15 dB

	ETU 70 Hz
	0.15 dB
	0.1 dB


Table 2: RSRQ accuracy degradation due to blanking at RS-SINR = -6 dB.
	Propagation channel
	Degradation due to new blank subframe

	
	At 5%-tile point
	At 95%-tile point

	AWGN
	0.25 dB
	0.25 dB

	EPA 5 Hz
	0.25 dB
	0.3 dB

	ETU 70 Hz
	0.15 dB
	0.1 dB


In RAN4#49 contributions [3] and [4], a different blank subframe proposal was considered where only one unicast subframe was present in a 5 ms window (i.e., only subframes #0 and #5 are guaranteed to be unicast – a total of 4 OFDM symbols containing CRS in a 5 ms window). A maximum degradation of 0.7 dB was noted for this case relative to the MBSFN subframe case. However, in RAN4#49, some companies felt that the degradation can be larger for the inter-frequency case.

The performance degradation due to new blank subframes will have an impact on UE implementation and possibly on the battery life. A preliminary assessment of such an impact in RRC_CONNECTED mode is below.

1. Inter-Frequency measurements in RRC_CONNECTED non-DRX mode: The presence of an unknown blank subframe pattern would limit the optimization of the measurement strategy in the UE. However, with existing Rel-8 MBSFN pattern, the UE implementation is free to utilize all the CRS resources available within a gap in a power-efficient way and possibly process multiple carrier frequencies within one gap.  
2. RRC_CONNECTED DRX mode, when DRX_cycle >= 80 ms : A UE has access to 5 occasions for one measurement assuming that it wakes up once every DRX cycle. Even when DRX_cycle <= 40 ms, it is desirable for a UE to wake up as little time as possible to conserve battery. In either DRX_cycle case, the new blank subframes would require the UE to stay awake longer to achieve the required measurement accuracy. 
2.4. Results on demodulation performance 

We focus on two demodulation cases that are expected to be affected by blank frame in FDD operation – PDCCH and PDSCH.
Case1: PDCCH decoding. 

The UE may use the CRS in the first one or two symbols of the current frame to estimate the channels. In the case that the preceding subframe is a MBSFN subframe, the UE may choose to employ the CRS in the first one or two symbols. In the case of low SINR condition, such a channel estimation may still benefit from those CRS even though there is a 1ms time lag.  The CRS from the preceding MBSFN subframe can be used to improve channel estimation without increasing the latency associated with decoding of the PDCCH, as may result from waiting for the CRS in symbol 5 (and 9 for four transmit antenna deployments) of the current subframe.  Furthermore, such an implementation would be compatible with methods for reducing current drain, such as “microsleep,” in which substantial portions of the receiver are idled in the event that the UE is not scheduled within the current subframe. 

The UE demodulation framework [10] identifies three PDCCH test scenarios, and these are given in Table 4 below.  The performance of test scenario 8.1 is considered in Figure 1 for two channel estimation algorithms.  The first algorithm uses only the first CRS of the current subframe, while the second uses the first CRS of the both the current and the previous subframe.  From Figure 1, it is apparent that performance of the PDCCH is degraded by approximately 0.5 dB if the first CRS of the previous subframe is not used.  In Figure 1, the performance of the PDCCH configuration defined in 8.1 is also evaluated for the EPA5 and EVA5 channels.  With these channels, the PDCCH performance is degraded in excess of 1 dB with the loss of the CRS in the preceding subframe.
Table 4 - PDCCH/PCFICH Test Scenarios from [10]

	Scenario
	Description
	Reference channel
	Propagation model
	Antenna correlation
	Verification point

	8.1
	1x2 8CCE DCI1 10MHz
	R.15
	ETU70
	Low
	See Annex B

	8.2
	2x2 2CCE DCI2 1.4MHz SFBC
	R.16
	EPA5
	Low
	See Annex B

	8.3
	4x2 4CCE DCI2 10MHz SFBC-FSTD
	R.17
	EVA5
	Medium
	See Annex B


The performance of the PDCCH configuration defined in scenario 8.2 is indicated in Figure 2. In this scenario, the performance of the PDCCH is degraded by approximately 1.5 dB with the loss of the CRS in the preceding subframe.
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Figure 1 - PDCCH Performance for test scenario 8.1 [10] (ETU70)
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Figure 2 - PDCCH Performance for test scenario 8.2 [10]
 Case 2: PDSCH decoding.

If the next frame is an MBSFN subframe, the UE may choose to employ the CRS in the first one or two symbols, and this may significantly improve the channel estimate for antenna ports 2 and 3 in deployments with four antennas at the eNB. Given that the only CRS in the second slot is found in the second symbol, the UE can better estimate the channel in the second slot by exploiting the CRS at the beginning of the next subframe. 
The demodulation framework document [10] defines four PDSCH test scenarios using four transmit antennas.  As an example, we consider the open-loop spatial multiplexing LD-CDD test scenario 6.2 defined in Table 5 below.  The performance of the PDSCH for test scenario 6.2 is indicated in Figure 3 for two different channel estimators.   The first channel estimator uses only the CRS in the current subframe, while the second use the CRS available in the first two symbols of the next subframe in addition to the CRS in the current subframe.  From Figure 3, it is apparent that the loss of the CRS in the first two symbols of the next subframe can degrade the performance of the PDSCH by as much as 1 dB.

Table 5 - Open-Loop Spatial Multiplexing Test Scenarios from [10]

	Scenario
	Description
	Reference channel
	Propagation model
	Antenna correlation
	Verification point

	6.1
	2x2 16QAM 1/2 10MHz LD-CDD
	R.11
	EVA70
	Low
	70% tp

	6.2
	4x2 16QAM 1/2 10MHz LD-CDD
	R.14
	EVA70
	Low
	70% tp


Figure 3 also indicate the performance of the two channel estimators for a variation of scenario 6.2 in which the modulation is increased from 16QAM to 64QAM, while all other parameters are kept the same.   For this modified scenario, the loss of the CRS in the first two symbols of the next subframe can degrade performance by as much as 1.5 dB.
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Figure 3 - PDSCH Performance for test scenario 6.2 [10] (16QAM rate 1/2)

2.5. Impact of Rel-8 UE Re-design 
In order to minimize performance impact, Rel-8 UEs need to be modified to optimize existing channel estimation and measurement algorithms separately for MBSFN and blank subframe depending on network configuration, which requires significant design effort in implementation, testing, and specification changes.
The impact on Rel-8 implementation will require RAN4 to revisit the defined measurement and demodulation test requirements, thus setting back the RAN4 schedule significantly. For example, the existing measurement requirements (w.r.t. reporting accuracy and measurement period) that are set in TS 36.133 assume the availability of at least 11 CRS-bearing OFDM symbols in a 5 ms window (i.e., 2 unicast subframes and three MBSFN subframes in a 5 ms window). Since the introduction of new blank subframes leads to a smaller number of CRS in a 5ms window, RAN4 will have to re-visit the measurements study and assumptions to identify, confirm, and clarify the new specification changes. If existing requirements have to be maintained, then all companies in RAN4 will have to assess the impact of blank subframes on their implementations.  The other option is to relax the requirements (w.r.t. reporting accuracy and measurement period for various cases). This will also require RAN4 to rework the requirements to come to a consensus on the relaxation without significant system level impact (e.g. no impact on HO efficiency, etc.). 
3.  “Future Proof” or Forward Compatibility Discussion 
If changing the Rel-8 UE implementation at this very late stage means significant set-back to commercial roll-out schedule (leaving aside the performance degradation), should blank subframe be introduced in Rel-9 for future potential benefits? This section will focus on the comparison of blank subframe and MBSFN subframe with a case-by-case in-depth investigation. 

First of all, we have to acknowledge that introducing blank subframe in Rel-9 could mean:

· Supporting blank subframe in Rel-9, instead of Rel-8, means that backwards compatibility cannot be ensured. If a network operates with blank subframes, Rel-8 UEs, either a user temporally roaming from another region with Rel-8 networks (i.e., no support of blank subframes) or a legacy locally-registered UE, may not work in the new network unless the network is configured to not use blank subframes.

· If the network can be configured to use either blank or MBSFN subframe depending on Rel-8 UE’s presence, it still means that LTE-A features will need to be developed for both scenarios – using blank or MBSFN subframes. It could significantly increase the complexity of the system and future terminals. 
Nevertheless, the new blank subframe approach was claimed to also give, intuitively, the possibility of a clean way to introduce LTE-A features. In the example of relaying, a relay node (RN) can notify UEs in its service area that a subframe is a blank one when the RN listens to the donor macro-eNB (i.e., backhaul operation) because it may not transmit and receive in the same band simultaneously. When RN is declaring a blank downlink subframe where it receive data and control data from the donor eNB, existing control channel design (e.g., PDCCH) sent at the beginning of a subframe can be used. If RN has to transmit a MBSFN subframe, it means that it cannot receive the first one or two symbols of that subframe from the donor eNB, which means the backhaul may not use the PDCCH as it is, but a new control design, which is the current agreement and way forward for relaying technology development. We will later analyze in more details the insignificance of that difference. 

3.1. Overhead Discussion 

It is noted that the key difference between an existing MBSFN subframe and a blank frame is

· Existing MBSFN subframe: Reserving one OFDM symbol (for 1 or 2 antenna port at eNB) or two symbols (for 4 antenna ports at eNB) for potential PDCCH transmission. In this case, the existing CRS in the first 1 or 2 symbols are transmitted, which is currently the assumption for UE implementation when it comes to the available CRS that can be potential employed y a REl-8 UE.
· Blank subframe: Could be configured for future use and a Rel-8 UE should not assume any knowledge of the CRS in the blank subframes. 

With the above understanding, it is recognized that, with the existing MBSFN, the only obligation for eNB is the transmission of CRS in the first 1 or 2 symbols in each subframe, and the rest of Resource Elements can be used for future purposes (i.e., not necessary have to be reserved for Rel-8 PDCCH). The existing Rel-8 UE measurement and demodulation behaviour needs no modifications. 

The percentage of resources reserved for CRS transmission is shown in Table 3. It shows that the pilot overhead due to legacy support is in the range of 1-5%, in return, no change on Rel-8 UE performance and receiver behaviour.  Moreover, the CRS in the first one or two symbols could also be used naturally for Rel-10 demodulation and/or measurement purposes. Thus, it is unclear why the presence of those legacy Common Reference Symbols is so undesirable for forward compatibility. 

Table 3: Percentage of Resources due to CRS Transmission in MBSFN Subframes

	
	CRS for legacy support
	Percentage of REs due to CRS transmission (compared with blank subframes)

	Existing MBSFN 

(1 antenna port )
	1 CRS every 6 subcarriers for 1st symbol 
	1/(14*6)=1.2%

	Existing MBSFN

 (2 antenna port )
	1 CRS every 3 subcarriers for 1st symbol
	1/(14*3)=2.4%

	Existing MBSFN

 (4 antenna port )
	1 CRS every 3 subcarriers for 1st & 2nd symbol
	2/(14*3)=4.8%


3.2. Case Study #1 - Relaying Solution 

As to the LTE-A relaying feature, which is under development, it is preferred that LTE-A relay should support Rel-8 UEs. Hence it should transmit according to a frame format that Rel-8 UE can decode. In the particular example of “in-band” relay where the relay-eNB backhaul link shares the same frequency band with other UEs that are directly served by eNB, the obligation for a relay node (RN) to minimally transmit CRS in MBSFN frame will prevent RN from receiving eNB’s PDCCH, because RN will be in transmission mode at the same time of eNB’s PDCCH. Hence, of the several alternatives in [2], one option that requires the new Rel-8 feature of blank frame solution was proposed to allow RN to not transmit any CRS, but rather switch to receiving from eNB’s PDCCH, which makes it possible to use PDCCH to control the eNB-RN backhaul link. However, it is noted that even with blank subframes, the eNB to RN link has to be modified to account for switching gaps and propagation delays [9]. 

However, it was noted that backwards compatible inband Relay solution can be developed using existing Rel-8 MBSFN signalling, where the RN to eNB backhaul link is supported using resources and mechanisms that are different from PDCCH [6]

 REF _Ref214865179 \r \h 
[7][8][9]. Given that an LTE-A relay solution is yet to be developed, there is no compatibility concern to RN development. The latest way-forward agreement in this area is captured in RAN1 #57bis in July [13]. It was agreed to define a new control channel to mange the backhaul link assuming the use of MBSFN subframes, as captured in the following points:  

· A new physical control channel (here referred to as the “R-PDCCH”) is used to dynamically or “semi-persistently” assign resources, within the semi-statically assigned sub-frames, for the downlink backhaul data (the “R-PDSCH”).

· The “R-PDCCH” is also used to dynamically or “semi-persistently” assign resources for the uplink backhaul data (the “R-PUSCH”). 

· The “R-PDCCH”

· is transmitted on a subset of the PRBs of the subframes assigned for the downlink backhaul link. 

· is transmitted on a subset of the OFDM symbols of the subframes assigned for the downlink backhaul link. This subset of OFDM symbols may include the full set of OFDM symbols available for the backhaul link

· is transmitted starting from an OFDM symbol within the subframe that is late enough so that the relay can receive it.

· is used to assign downlink resources in the same subframe and/or in one or more later subframes.

· is used to assign uplink resources in one or more later subframes

· “R-PDSCH” and “R-PDCCH” can be transmitted within the same PRBs or within separated PRBs.

It is further noted that the blank subframe has no performance benefits over the MBSFN based approach on the uplink. In fact, having more blank subframes will lead to additional delays in the uplink traffic for a Rel-8 UE since it is forced to assume that the PHICH content on a blanked DL subframe is an ACK.
3.3. Case Study #2 - Enhanced DL-MIMO (up to 8x8 SU-MIMO or MU-MIMO) and CoMP
With the maximal number of eNB transmit antennas (observable to UEs) increases from 4 in Rel-8 to 8 in LTE-A, very high order MIMO such as 8x8 can be supported under favourable SINR and channel conditions. Perhaps more beneficial to a larger percentage of users is the possible enhancement in precoding/beamforming that can deliver a larger gain than that in Rel-8 precoding in single user (SU) operation or precoding that can enable MU-MIMO operation better.  If eNBs, regardless of the number of antennas on each of them, coordinate with each other during precoding so that the cross interference at target UEs can be mitigated, this LTE-A feature is referred to as CoMP or Coordinated Multi-Point processing.   
For demodulation purpose, the use of dedicated RS (DRS) has been agreed as the best means to support enhanced precoding where precoding weights are optimally determined by the eNB and unknown to the UEs. A new type of RS called CSI-RS was also agreed which will be used for LTE-A UEs to estimate the spatial channel to each of the eNB antennas for reporting purposes only, not for demodulation and thus can be sent with low overhead. One of the key challenges is to introduce CSI-RS for up to 8 antennas. The following design goals were shared in RAN1:

· Advanced MIMO features should be supported by Rel-10 UEs not only in MBSFN subframes that are dedicated to Rel-10 UEs, but also in Rel-8 subframes when eNB could serve a mixture of Rel-8 and Rel-10 UEs.
· For Rel-10 UEs when supporting LTE-A features, the same receiver processing (e.g., channel estimation, measurement, demodulation) should be strived for, regardless of whether they are served in MBSFN or Rel-8 subframes. It means that same CSI-RS and DRS structure and pattern is preferred.
· When serving a mixture of UEs in Rel-8 subframes, the performance impact to Rel-8, if any, should be minimized while the performance gain for Rel-10 UEs should be maintained as much as possible. 
· Rel-8 UEs, which can only observe up to 4 CRS ports, should be supported by 8-Tx eNB, and if possible with performance gain over 4-Tx eNBs. 
Since Rel-8 subframes will have to be used when serving a mixture of Rel-8 and Rel-10 UEs, for the sake of this discussion, we can focus on the pros and cons of using MBSFN versus blank subframes to serve only Rel-10 UEs. Based on the above design goals, especially the second one, we can observe:
· Rel-10 UEs are currently envisioned to operate under two types of subframes (MBSFN and Rel-8). For complexity reason, same CSI-RS structure is preferred, which means the same channel estimator to be used, regardless of the subframe types. If the blank subframe is introduced, instead of MBSFN (otherwise a Rel-10 UE will potentially be required to support three types of subframes), the same goal still applies. Hence one cannot take advantage of blank subframe in whatsoever way to optimize the CSI-RS design for any improvement.  

· Similarly, the DRS structure is preferred to be the same in Rel-8 or blank subframes, which also means that one cannot take advantage of blank subframe to optimize the DRS design for any performance improvement. 

· The only difference between blank and MBSFN subframe is the overhead due to the CRS sent in the first one or two symbols of the MBSFN subframes (note that the rest of the REs in the first one or two symbols can still be used for data in Rel-10). The analysis in Section 3.1 gives the idea of the overhead. Let’s assume the typical operation of configuring a 2-port CRS for Rel-8 UEs, the overhead due to 2-port CRS in MBSFN subframe is just 2.4%. But it should be noted that these CRS overhead is not wasted in vain, they ensure the backwards compatibility to Rel-8 UEs and no performance loss in mobility measurement and demodulation, as discussed before. 

3.4. Other LTE-A and Rel-9 Case Study 
As to other perceived forward compatibility benefit from using blank subframes in Rel-8, there is no additional case analysis provided in [2] or [11]. A vague argument was the general feeling of better future-proof compatibility if blank subframes are introduced starting from Rel-9. Without a specific case tot support, we can only discuss some general observations that counters the view: 
· All the LTE-A features envisioned for the Rel-10 (e.g., Relaying, enhanced MIMO, CoMP as discussed previously) are being developed without resorting to any blank subframe assumption. Similar observation is obtained for Rel-9 which is envisioned to be an intermediate release before LTE-A. Current Rel-9 work items included positioning support and enhanced DL transmission, both of which do not required blank subframes.  Positioning RS design principles were agreed that can be used for both Rel-8 and MBSFN subframes.  For enhanced DL transmission, there will not be any CSI-RS which is being defined mainly for LTE-A.  

· What really means for MBSFN subframe is the obligation of eNB to transmit the CRS in the first one or two symbols. The rest of REs can still be used for data REs to Rel-10 UEs. It seems that those limited number of CRS do not present any obstacle for developing any LTE-A functions. There also seems to be no need of any revamping of existing Rel-8 functions (e.g., PDCCH) that could potentially requires/benefits from the removal of those CRS in MBSFN. It seems that blank subframe idea is more for future convenience than out of absolute necessity.

· Even though it is possible in theory to introduce blank subframe in a non backwards compatible carrier, for example, in the case of carrier aggregation, the increased complexity to Rel-10 UE still needs to be investigated carefully if the UE is required to support features on three type of subframes (i.e., Rel-8, MBSFN, blank).

3.5. Inter-system measurements for coexistence and HO
Release-8 Measurement Gaps (up to 6ms each) for inter-system measurements do not require a rel-8 UE to read its serving cell’s control region at the beginning of each subframe interval. Hence, there is no need for a blank subframe concept regarding measurements of future other (non-LTE) air interfaces.

4. Conclusions

In this document we assessed the performance impact of blank frame on inter-frequency RSRP/RSRQ measurement, PDCCH, and PDSCH demodulation. We also shared some views on the necessity of introducing blank subframe in Rel-9 for forward compatibility. In particular, we addressed the following two aspects:
1. Rel-8 UE impact 
· The CRS present in MBSFN subframe provide performance gain in inter-frequency measurement accuracy (of about 0.5 dB), as well as gains of 1.0 to 1.5 dB in PDCCH decoding and a gain of up to 1.5 dB in PDSCH decoding. Conversely we will see this level of FDD performance degradation due to the blank frame feature proposal.

· In order to minimize performance impact, Rel-8 UEs need to be modified to optimize existing channel estimation and measurement algorithms separately for MBSFN and blank subframe, which requires significant design effort in implementation, testing, and specification changes.
· The impact on Rel-8 implementation will require RAN4 to revisit the defined measurement and demodulation test requirements, thus setting back the RAN4 schedule significantly, especially if we reverse the RAN plenary conclusion made in early December of 2008 when blank subframe was first discussed and evaluated. 
2. Necessity of introducing blank subframe in Rel-9 

· Supporting blank subframe in Rel-9, instead of Rel-8, means that backwards compatibility cannot be ensured. If a network operates with blank subframes, Rel-8 UEs, either a user temporally roaming from another region with Rel-8 networks (i.e., no support of blank subframes) or a legacy locally-registered UE, may not work in the new network unless the network is configured to not use blank subframes.

· If the network can be configured to use either blank or MBSFN subframe depending on Rel-8 UE’s presence, it still means that LTE-A features will need to be developed for both scenarios – using blank or MBSFN subframes unless all Release-8 UE’s have been phased out. It could significantly increase the complexity of the system and future terminals. 
· All the LTE-A features (Relaying, enhanced MIMO, CoMP, etc.) envisioned for the Rel-10 are being developed without resorting to any blank subframe assumption. Similar observation is obtained for Rel-9 which is envisioned to be an intermediate release before LTE-A.
· Relay technology development has been progressing well under the assumption of using MBSFN subframes for backhaul. Changing the assumption to blank subframe could nullify nearly one year of progress while the blank subframe appears to have no performance benefits over the MBSFN-based approach. 

· To support enhanced MIMO and CoMP with up to 8-Tx eNBs, Rel-10 UEs are currently envisioned to operate under two types of subframes (MBSFN and Rel-8). For complexity reason, same CSI-RS and DRS structure is preferred, which means the same channel estimator can be used, regardless of the subframe types. Hence one cannot take advantage of blank subframe in whatsoever way to optimize the CSI-RS or DRS design for any improvement. 

· Current Rel-9 work items included positioning support and enhanced DL transmission, both of which do not required blank subframes.  Positioning RS design principles were agreed that can be used for both Rel-8 and MBSFN subframes.  For enhanced DL transmission, there will not be any CSI-RS which is being defined mainly for LTE-A. 
· There also seems to be no need of any revamping of existing Rel-8 functions (e.g., PDCCH) that could potentially requires the removal of those CRS. It seems that blank subframe idea is more for future convenience than out of absolutely necessity.

· What really means for MBSFN subframe is the obligation of eNB to transmit the CRS in the first one or two symbols, which represents 1-5% of overhead as opposed to blank subframe. The rest of REs can still be used for data REs to Rel-10 UEs. The limited number of CRS in MBSFN subframes may also be useful for LTE-A features, and it should be noted that they ensure the backwards compatibility to Rel-8 UEs and no performance loss in mobility measurement and demodulation. 
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6. Annex: Meeting Minutes (RP- 090008) from RAN Plenary #44 
(Athens, Greece, 02 - 05 December 2008)
Discussions on "blank subframes"

RP-081038
Way forward on forward compatible subframes for Rel-8 (Qualcomm Europe) related to RP-081039/1040 in section 9.1.3

revised to RP-081072

RP-081072
Way forward on forward compatible subframes for Rel-8 (Qualcomm Europe)

discussion: The document proposes to approve the RAN1 CR submitted to the plenary plus the  two RAN2 CRs submitted in company contributions in RP-081039/1040 in order to support 

conclusion: Dino Flore (Qualcomm) to lead offline discussions on this, see report in RP-081109

RP-081051
MBSFN subframe with zero control (Panasonic)

It is outlined in the document that there is impact on the handover by introducing MBSFN subframes with zero control OFDM symbol. It is further stated that the introduction of the new frames cause impact on system design and impact on the work progress on WG level as further discussions on this are needed.
discussion:  Dino Flore (Qualcomm) to lead offline discussions on this, see report in RP-081109

RP-081057
Impact of changing MBSFN subframe structure in Release 8 (Nokia, Nokia Siemens Networks)

discussion: It is proposed not to include MBSFN with zero symbols for control region to LTE Release 8. It is argued that backwards compatible relays can be supported with the existing frame structure and further the impact on UEs and uncertainties on mobility performance and UL scheduling are expected which justify not to change of the frame structure.

conclusion:  Dino Flore (Qualcomm) to lead offline discussions on this, see report in RP-081109

RP-081059
Impacts of supporting blank subframes (Motorola)

This document studies the difference between using existing Rel-8 subframe definitions and the new feature of blank frame proposed for Rel-8. In summary, it is concluded that currently existing Rel-8 specification provides forward compatibility to LTE-Advanced features such as Relays, 8 antenna support, CoMP, etc and there have been no proposals in RAN1 or any other working groups that finds existing Rel-8 specification incapable of supporting any LTE-A features.

conclusion:  Dino Flore (Qualcomm) to lead offline discussions on this, see report in RP-081109

RP-081060
Summary on Impacts of supporting blank subframes (Motorola)

In the document it is concluded that the analysis and studies so far (in RAN1) show that the existing Rel-8 subframes types (i.e., unicast and MBSFN) do not have any forward-compatibility issues. Furthermore, there is no evidence that blank subframes are essential for forward-compatibility.

discussion: Dino Flore (Qualcomm) commented that RAN4 work is not delayed by the new proposal as used as an argument in the document. Edgar replied that RAN1 specifications are considered frozen regarding the frame structure and therefore RAN4 would need to start complete new considerations. This was supported by Sari Nielsen (Nokia) who further added that RAN4 had not sufficient time to discuss this and limited simulation results are available

conclusion:  Dino Flore (Qualcomm) to lead offline discussions on this, see report in RP-081109

RP-081070
Proposal regarding MBFSN subframe zero control (blank subframe) CRs (Nokia, Nokia Siemens Networks, Motorola, T-Mobile, NTT DOCOMO, Sharp, Panasonic, Texas Instruments, NEC, Samsung, LGE, Alcatel-Lucent)

discussion: Giovanni Romano (Telecom Italia) asked if additional signalling would need to be introduced in REL-8 or REL-9 to support the relay function.
conclusion:  Dino Flore (Qualcomm) to lead offline discussions on this, see report in RP-081109

RP-081088
Clarification on impact and value of blank sub frame (Qualcomm)

This document was used in the ad hoc session on blank subframes and not handled in the main meeting.

RP-081109
Report of ad hoc session on blank sub frames (Qualcomm)
discussion: Serge Willenegger (Qualcomm) expressed his thanks for the allowed discussion time which was spent on this topic as allowed a fair evaluation of the proposal. The proposal is withdrawn for Release-8 but is intended to be re-discussed for future releases.

conclusion: no consensus could be found on the proposal to introduce blank subframes in R8
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