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1. Introduction

The discussion paper in [1] first proposed the introduction of a new Rel-8 feature of “blank” subframes for enabling relay nodes to support Rel-8 UEs. According to the proposed CR (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. 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]
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[6]
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[7][8][9]. Nevertheless, the new blank subframe approach was noted to also give, conceptually, the possibility of a clean way to introduce other LTE-A features. In this contribution, we analyze the difference between two ways to provide future compatibility – using existing Rel-8 MBSFN subframes and using the new feature of a blank frame. 

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 this contribution, we provide an assessment on measurement performance impact, demodulation performance impact, and UE implementation impact. 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. Therefore, to ensure a timely Rel-8 completion without significant schedule delay, it is recommended to not include the new feature of blank subframes in Rel-8. 
2. Forward Compatibility – 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 1. 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 1: 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. Forward Compatibility – Relay Solution and other LTE-A Features 
As to the LTE-A relay, which is yet to be developed, 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]
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[7][8][9]. Given that an LTE-A relay solution is yet to be developed, there is no compatibility concern. 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.
As to other perceived forward compatibility benefit from using blank subframes in Rel-8, there is no analysis provided in [2]. For example, in the context of LTE-A, advanced features such as 8-antenna eNB support and coordinated multiple-point transmission/reception were alluded to be benefited potentially from blank frame. However, solutions that are strictly backwards compatible have been discussed before without resorting to a blank subframe assumption. At least, we observe

· LTE-A features that are expected to benefit also Rel-8 UEs, such as 8-antenna eNB for SU/MI-MIMO, coordinated multiple-point transmission, and relay, are shown to be feasible to be developed without causing backwards compatibility problem.
· In the current specifications, it has been agreed that DL subframes 0,4,5,9 in FDD (and 0,1,5,6 in TDD) cannot be blanked. Thus, it is reasonable to consider these subframes (0,4,5,9) would support Rel-10 features. Therefore, it is natural to assume that Rel-10 features would utilize existing Rel-8 CRS that is present in at least 40% of the DL subframes in FDD and therefore, it is unclear why the presence of Reference Symbols in the remaining subframes (i.e., per existing Rel-8 subframe definitions, MBSFN or unicast) would have any future-compatibility concerns.  
· Further improvement can be obtained for LTE-A UEs once the LTE-A features are defined, based on existing Rel-8 MBSFN subframes that has legacy CRS overhead supporting the first one or two symbols. 
4.  Impact on Rel-8 UEs Due to Blank Subframes 
The other important aspect of the assessment is the impact on Rel-8 UE implementation. Due to the possible configuration of a new blank subframe feature, a Rel-8 UE will be required to implement, ideally, 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.
Two observations can be derived:

· 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 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.
Results on 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 2: 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 3: 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. 
The degradation in measurement accuracy will also impact the specification work in RAN4. 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.). In either case, the introduction of blank subframes will have an impact on RAN4 schedule.
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.
[image: image1.emf]PDCCH SIMO DCI1 8 CCE's

1.E-03

1.E-02

1.E-01

1.E+00

-6 -5 -4 -3 -2 -1 0 1 2 3

SNR

FER

ETU70 - 2 RS

ETU70 - 1 RS

EPA5 - 2 RS

EPA5 - 1 RS

EVA5 - 2 RS

EVA5 - 1 RS


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)

5. Conclusions

This document studied the difference between using existing Rel-8 subframe definitions and the new feature of blank frame proposed for Rel-8 as the basis to provide forward compatibility to LTE-A Relay design. The document also assessed the performance impact of blank frame on inter-frequency RSRP/RSRQ measurement, PDCCH, and PDSCH demodulation. 
· The only difference from having a complete blank subframe as compared to an existing Rel-8 MBSFN subframe is the transmission of legacy CRS, which represents 1-5% of overhead, but these legacy CRS in MBSFN subframes may also be useful for LTE-A features. 
· Moreover, 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
· The introduction of a new blank subframe in Rel-8 will require Rel-8 UEs modifications 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. 
· It is concluded that the existing Rel-8 unicast and MBSFN subframe definitions can support an inband relay solution, an observation that was made by several companies.
· Furthermore, it is also noted the existing Rel-8 unicast and MBSFN subframe definitions can also incorporate future LTE-A features including CoMP, 8-antenna eNB, etc and hence the need for a new blank subframe feature in Rel-8 specification is unclear.
·  Since, it is natural to assume that Rel-10 features would utilize existing Rel-8 CRS that is present in at least 40% of the DL subframes in FDD (i.e., 0,4,5,9 are mandatory unicast subframes), it is unclear why the presence of Reference Symbols in the remaining subframes (i.e., per existing Rel-8 subframe definitions, MBSFN or unicast) would have any future-compatibility concerns.  
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