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1 Introduction

In recent RAN4 meeting, the LTE450 (Band 31) was introduced into TS 36.101, in which the sensitivity of Band 31 was defined. For RRM impacts, a wayforward was agreed in R4-133038 in RAN4 #67 meeting [1]:
· Performance part for multiband UEs – RAN4 CRs finalized in August RAN4 meeting:
· Chapter 9 RRM test cases
· Define OCNG and RMC for 5MHz channels
· Duplicate the 10MHz FDD tests in Chapter 9 for 5MHz 
· Ensure that multiband UEs can be tested for conformance
· Performance part for single band UEs
· Identify and develop other necessary 5 MHz RRM tests 
· Identify and develop necessary demod/CSI performance requirements for 5MHz.
In RAN4 #67AH meeting, we provided the overviews on the RRM impacts for LTE450 band in [2], and two wayforwards for Part I multi-band UEs (endorsed in R4-67AH-0062([3])) and Part II single-band UEs (endorsed in R4-67AH-0063 ([4])) test case lists were endorsed in last RAN4 meeting, i.e., 
For Part I Multi-band UEs:
· E-UTRAN FDD intra-frequency RSRP measurement accuracy for 5MHz bandwidth (Reference section: A.9.1.1 ) 
· E-UTRAN FDD-FDD inter-frequency RSRP measurement accuracy for 5MHz bandwidth (Reference section: A.9.1.3) 
· E-UTRAN FDD intra-frequency RSRQ measurement accuracy for 5MHz bandwidth (Reference section: A.9.2.1) 
· E-UTRAN FDD-FDD inter-frequency RSRQ measurement accuracy for 5MHz bandwidth (Reference section: A.9.2.3) 

Note: Inter-RAT measurement accuracy tests for 5MHz are not excluded for UTRA cases and final CRs for inter-RAT cases can be provided and agreed in RAN4#68.
For Part II Single-band UEs:
· BW independent test cases
· RRC_IDLE intra-frequency, FDD-FDD (Ref. section: A.4.2.1)

· RRC_CONNECTED intra-frequency handover, FDD-FDD (Ref. section: A.5.1.1)

· RRC connection control, intra-frequency RRC re-establishment, FDD (Ref. section: A.6.1.1)

· RRC connection control, contention based random access, FDD (Ref. section: A.6.2.1)

· RRC connection control, non-contention based random access, FDD (Ref. section: A.6.2.2)

· UE intra-frequency measurements, asynchronous cells, FDD (Ref. section: A.8.1.1)

· UE intra-frequency measurements, synchronous cells, DRX, FDD (Ref. section: A.8.1.3) 

· RLM out-of-sync without DRX, FDD (Ref. section: A.7.3.1)

· RLM in-sync with DRX, FDD (Ref. section: A.7.3.6)

· RLM in-sync without DRX, FDD (Ref. section: A.7.3.2)

· UE timing advance accuracy, FDD (Ref. section: A.7.2.1)
Note: Inter-RAT tests for 5 MHz with E-UTRA on Band 31 and with UTRA are not precluded and the corresponding CRs can be provided and agreed in RAN4#68
· BW dependent test cases

· UE transmit timing accuracy, FDD (Ref. section: A.7.1.1) 

In this contribution, we will give the overviews on the RRM impacts and give some introduction of the progress in RRM aspects in RAN4 #67AH. Besides, this contribution also gives some further discussion on the remaining issues for LTE450 band in order to give the guidance to finish all the related RRM works.
2 Overviews on RRM Parts
2.1 Requirement for Band 31
In current TS 36.133, there is accuracy requirement for each band. As defined in 36.101, we can see that, compared with Band 1, the REFSENS value of band 31 is degraded 6.5dB. Therefore, in all the 36.133 tables, band 31 shall be added and provide the correct Io values in dBm/15kHz. Here is the example:

Table 9.1.2.1-1: RSRP Intra frequency absolute accuracy
	Accuracy
	Conditions

	Normal condition
	Extreme condition
	Ês/Iot
	Io Note 1 range

	
	
	
	E-UTRA operating bands
	Minimum Io
	Maximum Io

	dB
	dB
	dB
	
	dBm/15kHz
	dBm/BWChannel
	dBm/BWChannel

	(6
	(9
	(-6 dB
	1, 4, 6, 10, 11, 18, 19, 21, 23, 24, 33, 34, 35, 36, 37, 38, 39, 40
	-121
	N/A
	-70

	
	
	
	9, 42, 43
	-120
	N/A
	-70

	
	
	
	28
	-119.5
	N/A
	-70

	
	
	
	2, 5, 7, 27, 41, [44]
	-119
	N/A
	-70

	
	
	
	26
	-118.5 Note 2
	N/A
	-70

	
	
	
	3, 8, 12, 13, 14, 17, 20, 22, 29 Note 4
	-118
	N/A
	-70

	
	
	
	25
	-117.5
	N/A
	-70

	
	
	
	31
	-114.5
	N/A
	-70

	(8
	(11
	(-6 dB
	Note 3
	N/A
	-70
	-50

	NOTE 1:
Io is assumed to have constant EPRE across the bandwidth.

NOTE 2:
The condition has the minimum Io of -119 dBm/15kHz when the carrier frequency of the assigned E-UTRA channel bandwidth is within 865-894 MHz.

NOTE 3:
The same bands apply for this requirement as for the corresponding highest accuracy requirement.
NOTE 4:
Band 29 is used only for E-UTRA carrier aggregation with other E-UTRA bands.


The corresponding CR was endorsed in [5] in RAN4 #67AH meeting.
2.2 New OCNG and RMC for 5MHz Bandwidth
For the OCNG pattern for 5MHz, we can define the new OCNG pattern based on the 1.4MHz and 10MHz pattern. For 1.4MHz pattern, since the total RBs is 6 of channel bandwidth, the central RBs for tested UE is 2 RBs (approaching half of full bandwidth), and outer band is 2 RBs for each side. For 10MHz pattern, since the total RBs is 50 of channel bandwidth, the central RBs for tested UE is 24 RBs (similar approaching half of full bandwidth), and outer RB is 13 RBs for each side.
For 5MHz channel bandwidth, the total RBs is 25 RBs, which is a not even value. Therefore, the allocated values for central RBs and outer band RBs shall be odd. In order to achieve the most approaching half of full bandwidth, and the value shall be odd, therefore, 11 RBs can be allocated for central RBs. For the ourter band, 7 RBs shall be allocated for each side. Therefore, based on this discussion, the proposed OCNG for outer RB can be listed as
Table A.3.2.1.15-1: OP.15 FDD: OCNG FDD Pattern 15
	Allocation
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	Relative power level 
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 [dB]
	PDSCH Data
	PMCH Data

	
	Subframe
	
	

	
	0
	5
	4,9
	1-3, 6-8
	
	

	0 – 6
	0
	0
	0
	N/A
	Note 1
	N/A

	18 – 24
	0
	0
	0
	N/A
	
	

	0-24
	N/A
	N/A
	N/A
	Note 4
	N/A
	Note 2

	Note 1: 
These physical resource blocks are assigned to an arbitrary number of virtual UEs with one PDSCH per virtual UE; the data transmitted over the OCNG PDSCHs shall be uncorrelated pseudo random data, which is QPSK modulated. The parameter 
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is used to scale the power of PDSCH.

Note 2: 
Each physical resource block (PRB) is assigned to MBSFN transmission. The data in each PRB shall be uncorrelated with data in other PRBs over the period of any measurement. The MBSFN data shall be QPSK modulated. PMCH symbols shall not contain cell-specific Reference Signals. PMCH subframes shall contain cell-specific Reference Signals only in the first symbol of the first time slot. The parameter
[image: image4.wmf]PRB

g

is used to scale the power of PMCH.

Note 3:
If two or more transmit antennas with CRS are used in the test, the PDSCH part of OCNG shall be transmitted to the virtual users by all the transmit antennas with CRS and according to the antenna transmission mode 2. The parameter
[image: image5.wmf]PRB

g

 applies to each antenna port separately, so the transmit power of the PDSCH part of OCNG is equal between all the transmit antennas with CRS used in the test. The antenna transmission modes are specified in section 7.1 in 3GPP TS 36.213.

Note 4:     0dB for 1 transmit antenna with CRS, +3dB for 2 transmit antennas with CRS  

N/A: Not Applicable


The corresponding CR for OCNG pattern of 5MHz was endorsed in [6] of RAN4 #67AH meeting.

Based on the proposed OCNG, we can derive the new RMC configuration, and calculation the transmission bits for PDSCH. Since in RLM testing, both 1*2 and 2*2 case were considered for the Rel-8 basic testing, therefore, it is necessary to introduce two types of PDCCH configurations for 5MHz bandwidth. For PDSCH, the high MCS level shall be chosen in both RRM and demod tests, and the corresponding transmission bits can be derived based on the designed OCNG pattern. The corresponding CR for RMC patterns of 5MHz was endorsed in [7] of RAN4 #67AH meeting, the contents can be listed for the reference:
Table A.3.1.2.1-1: PCFICH/PDCCH/PHICH Reference Channel for FDD
	Parameter
	Unit
	Value

	Reference channel
	
	R.8 FDD
	R.11

FDD
	R.12

FDD
	R.10 FDD
	R.6 FDD
	R.7 FDD
	R.9 FDD

	Channel bandwidth
	MHz
	1.4
	5
	5
	20
	10
	10
	10

	Number of transmitter antennas
	
	1
	1
	2
	1
	1
	2
	2

	Control region OFDM symbolsNote1
	symbols
	4
	3
	3
	2
	2
	2
	3

	Aggregation level
	CCE
	2
(Note 6)
	8
	8
	8 
	8 
	8 
	8

	DCI Format
	
	Note 3
	Note 3
	Note 3
	Note 3
	Note 3
	Note 3
	Note 3

	Cell ID
	
	Note 4
	Note 4
	Note 4
	Note 4
	Note 4
	Note 4
	Note 4

	Payload (without CRC)
	Bits
	Note 5
	Note 5
	Note 5
	Note 5
	Note 5
	Note 5
	Note 5

	Note 1:
The control region consists of PCFICH, PHICH and PDCCH.

Note 2:
DCI formats are defined in 3GPP TS 36.212.

Note 3:
DCI format shall depend upon the test configuration.

Note 4:
Cell ID shall depend upon the test configuration.

Note 5:
Payload size shall depend upon the test configuration. 
Note 6:      For PDCCH using SI/RA/P-RNTI, Aggregation level 4 is used.


Table A.3.1.1.1-1: PDSCH Reference Measurement Channels for FDD

	Parameter
	Unit
	Value

	Reference channel
	
	R.2 FDD
	
	R.5 FDD
	R.0 FDD
	R.1 FDD
	R.3 FDD
	R.4 FDD

	Channel bandwidth
	MHz
	1.4
	3
	5
	10
	10
	10
	20

	Number of transmitter antennas
	
	1
	
	1
	1
	2
	1
	1

	Allocated resource blocks (Note 4)
	
	2
	
	11
	24
	24
	24
	24

	Allocated subframes per Radio Frame
	
	10
	
	10
	10
	10
	10
	10

	Modulation
	
	QPSK
	
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK

	Target Coding Rate
	
	1/3
	
	1/3
	1/3
	1/3
	1/3
	1/3

	Information Bit Payload
	
	
	
	
	
	
	
	

	  For Sub-Frames 4, 9
	Bits
	120
	
	968 
	2088 
	2088
	2088
	2088 

	  For Sub-Frame 5
	Bits
	104
	
	776 
	2088
	1736
	2088
	2088

	  For Sub-Frame 0
	Bits
	32
	
	616 
	1736
	1736
	1736
	1736

	  For Sub-Frame 1, 2, 3, 6, 7, 8
	Bits
	0
	
	0
	0
	0
	2088
	0

	Number of Code Blocks per Sub-Frame

(Note 5)
	
	1
	
	1
	1
	1
	
	1

	For Sub-Frames 4, 9
	
	1
	
	1
	1
	1
	1
	1

	For Sub-Frame 5
	
	1
	
	1
	1
	1
	1
	1

	For Sub-Frame 0
	
	1
	
	1
	1
	1
	1
	1

	For Sub-Frame 1, 2, 3, 6, 7, 8
	
	0
	
	0
	0
	0
	1
	0

	Binary Channel Bits Per Sub-Frame
	
	
	
	
	
	
	
	

	  For Sub-Frames 4, 9
	Bits
	456
	
	2772
	6624
	6336
	6624
	6624

	  For Sub-Frame 5
	Bits
	360
	
	2484
	6336
	6048
	6336
	6336

	  For Sub-Frame 0
	Bits
	176
	
	1932
	5784
	5520
	5784
	5784

	  For Sub-Frame 1, 2, 3, 6, 7, 8
	Bits
	0
	
	0
	0
	0
	6624
	0

	Max. Throughput averaged over 1 frame
	Kbps
	37.6
	
	332.8
	800
	765
	2053
	800

	Note 1:
2 symbols allocated to PDCCH for 10 MHz channel BW. 4 symbols allocated to PDCCH for 1.4 MHz channel BW. 3 OFDM symbols allocated to PDCCH for 5 MHz channel BW.
Note 2:
Reference signal, synchronization signals and PBCH allocated as defined in 3GPP TS 36.211 [16].

Note 3:
If necessary the information bit payload size can be adjusted to facilitate the test implementation. The payload sizes are defined in 3GPP TS 36.213 [3].

Note 4:
Allocation is located in the middle of bandwidth.

Note 5:
If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit)

Note 6:
PDSCH allocation applies only to subframes not configured as PRS subframes.


2.3 Remaining Issues Discussion
2.3.1 For 5MHz Test Applicability
For the band 31, the applicability of 5MHz tests was one of the remaining issues in RAN4 #67AH meeting. Since the maximum supporting bandwidth of band 31 is only 5MHz, and the current RRM tests can be not covered the 5MHz testing coverage, most of which are 10MHz bandwidth, therefore, the new tests for 5MHz shall be added.

From the RAN4’s common understanding, 
· If the UE supporting multi-bands, the UE should prioritize to test the 10MHz RRM tests for functionality tests or accuracy tests; furthermore, if the performance of band 31 is needed to validate, then, the corresponding 5MHz bandwidth tests should be implemented.

· If the UE is only single-band UE, and UE is only supporting band 31, therefore, the UE could only test the corresponding 5MHz bandwidth tests.
· For the legacy bands and legacy UEs, they should only test 10MHz RRM tests for functionality tests and accuracy tests, which is enough.

Some operators may have some thinking for the future bands, which may have the similar feature for LTE450 band. Currently, the LTE450 WI is only focus on band 31 due to the urgent requirements for some operators. If a new band is introduced in future, it’s believable a new WI will be set up for the corresponding standard work. Then, the applicability of 5MHz bandwidth tests can be only for LTE450 testing in accuracy tests, or for case that UE can only supporting maximum bandwidth for 5MHz. 
2.3.2 For BW Dependent Issues
In 36.133, most of the test cases are bandwidth independent, e.g., cell reselection tests, handover tests, RACH tests, radio link monitoring tests and cell identification tests etc.. However, some of the tests are bandwidth dependent, e.g., UE transmit timing. Currently, there are two tests for UE transmit timing, one is testing under 1.4MHz bandwidth, and the other is testing under 10MHz bandwidth. For legacy UEs, both of the two tests shall be tested.
Since the transmit timing test was agreed to introduce for 5MHz bandwidth, the applicability is also the remaining issue. There are two different understanding:
· Option 1:  For legacy UE: do 10MHz and 1.4MHz tests for transmit timing;
 


For single-band UE supporting LTE450: do 5MHz and 1.4MHz tests for transmit timing;

· Option 2:  For legacy UE: do 10MHz, 5MHz and 1.4MHz tests for transmit timing;
For single-band UE supporting LTE450: do 5MHz and 1.4MHz tests for transmit timing;
From Huawei’s point view, the introduction of 5MHz RRM tests shall be not impacted the legacy UEs’ testing. For legacy UEs, 10MHz and 1.4MHz tests are enough. Without LTE450 issue, the corresponding 5MHz tests will be not added. Based on this analysis, option 2 is not reasonable. 
Therefore, for any bandwidth dependent issues, the following testing rules shall be chosen:

· For legacy UE: do 10MHz and 1.4MHz tests for transmit timing;
· For single-band UE supporting LTE450: do 5MHz and 1.4MHz tests for transmit timing;

2.3.3 For Inter-RAT Case Issues
Based on the agreed wayforward in last RAN4 #67AH meeting [3]-[4], the inter-RAT RRM test case list was the remaining issue in RAN4 #68 meeting. Based on the requirement of operators, the inter-working between E-UTRA and UTRA could be considered, but the inter-RAT between E-UTRA and GSM is very low priority. After checking the 36.133, the following inter-RAT test cases between E-UTRA and UTRA shall be considered and added for 5MHz bandwidth case:
· EUTRA FDD-UTRA FDD cell reselection: UTRA FDD is of lower priority (Ref. section: A.4.3.1)
· E-UTRAN FDD-UTRAN FDD Handover (Ref. section: A.5.2.1)
· E-UTRAN FDD - UTRAN FDD event triggered reporting under fading propagation conditions (Ref. section: A.8.5.1)
· UTRAN FDD CPICH RSCP (Ref. section: A.9.3.1)
· UTRAN FDD CPICH Ec/No (Ref. section: A.9.4.1)
Based on this analysis, one WF document for inter-RAT case is provided in [8].
3 Conclusion
In this contribution, we give the overviews on RRM impacts for band 31 in terms of requirement part. Furthermore, the remaining issues of LTE450 are also discussed. Based on the analysis in this paper, the following proposals shall be considered:
Proposal 1: The applicability of 5MHz bandwidth tests can be tested for LTE450 testing in RSRP/RSRQ measurement accuracy tests, or for case that UE can only supporting maximum bandwidth for 5MHz.
Proposal 2: For any bandwidth dependent issues, the following testing rules shall be adopted:

· For legacy UE: do 10MHz and 1.4MHz tests;
· For single-band UE supporting LTE450: do 5MHz and 1.4MHz tests;

Proposal 3:The following inter-RAT case (E-UTRA to UTRA) of LTE450 shall be considered:
· EUTRA FDD-UTRA FDD cell reselection: UTRA FDD is of lower priority (Ref. section: A.4.3.1)
· E-UTRAN FDD-UTRAN FDD Handover (Ref. section: A.5.2.1)
· E-UTRAN FDD - UTRAN FDD event triggered reporting under fading propagation conditions (Ref. section: A.8.5.1)
· UTRAN FDD CPICH RSCP (Ref. section: A.9.3.1)
· UTRAN FDD CPICH Ec/No (Ref. section: A.9.4.1)
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