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1. Introduction
In the RAN4 AH4 meeting, the following were tentatively agreed for UL MIMO case.
Agreement 9: Regarding reference sensitivity, it is agreed: 

· [The UL transmission is configured as the single antenna port mode, Rel-9 requirement is not relaxed, but excluding testing the case where the same signal goes to two ports.]

· [Additional ULMIMO-REFSENS requirements should be defined when the UL transmission is configured in spatial multiplexing or Tx diversity mode.]
In this document, we look at the additional requirement for the multiple antenna mode case. 
2. Calculation of RBs to use for REFSENS
2.1 Discussion
We revisit some of the discussion in contribution [1] when the issue of REFSENS with multiple antenna modes was discussed. In the REFSENS tests, the general setup is to allocate all RBs on the DL and allocate all RBs when possible but allocate fewer UL RBs in certain bands that have moderate duplex separation. In these bands, the duplexer attenuation is not sufficient to suppress the Tx PA spectral re-growth to levels comparable to the wideband noise floor (LNA thermal + PA wide band floor). 
Assume a band where a restricted UL BW is necessary, e.g. the UL allocation for REFSENS is 
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 is the UL Transmission BW configuration. If we assume that the DL allocation was also of the same BW as the UL and ignored the existence of RxDiv, then we would have a very similar set up as we have in WCDMA. 

In WCDMA, the general rule for avoiding Rx desense is to ensure 
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Equivalently, for the LTE case, we could have
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However, the equation above ignores the fact than in LTE, the separation between the actual Rx and Tx allocated BW can be less than the duplex separation, since it is possible to give allocation close to the ‘inner edges’ of the DL and UL channels.  Considering the worst case allocation, Eq(2) should be replaced with Eq(3) below:
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We will use Eq(3) in the rest of this contribution even though by doing this, we ignore two factors listed below:

1. The limitation expressed by Eq(3) does not have the sensitivity gain achievable by receive diversity. Such gains are presented when only one Rx chain is closely coupled to the Tx chain, while the other is coupled with a considerable loss (e.g. 10dB). This is not the case with UL spatial multiplexing and TX diversity.   

2. The limitation expressed by Eq(3) assumed that both the DL and UL allocations are 
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 BW, even though the real DL allocation is the same as the DL Transmission BW configuration 
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, which is assumed to be the same as the UL Transmission BW configuration
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 (symmetric DL/UL BW). Since we assumed that the DL allocation is at the channel edge closest to the UL, the average PSD of the noise floor over 
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 assumed here.  The difference is bounded by 
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. Even though this difference is not insignificant, we will ignore it in a first order approximation to make the calculations simpler.
2.2 Calculation

We will give a list of results for the calculations of maximum UL BW.  The following two values were calculated:

1. 
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2. 
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The calculations were carried out as
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and
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Tables are duplicated from [1] for the 10 MHz and 20 MHz cases. Calculations for the other BW cases are available in [1]. 

2.2.1 10 MHz BW

The results are shown in Table 1 below. 
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	Change Required

	1
	190
	135
	50
	147
	50
	No

	2
	80
	56
	50
	58
	50
	No

	3
	95
	67
	50
	70
	50
	No

	4
	400
	284
	50
	319
	50
	No

	5
	45
	32
	25
	29
	25
	No

	6
	45
	32
	25
	29
	25
	No

	7
	120
	85
	50
	90
	50
	No

	8
	45
	32
	25
	29
	25
	No

	9
	95
	67
	50
	70
	50
	No

	10
	400
	284
	50
	319
	50
	No

	11
	48
	34
	25
	31
	25
	No

	12
	30
	21
	20
	17
	15
	Yes

	13
	-31
	22
	20
	17
	15
	Yes

	14
	-30
	N/A
	N/A
	N/A
	N/A
	No

	17
	30
	21
	20
	17
	15
	Yes


Table 1  UL BW Limit for REFSENS for 10MHz LTE
2.2.2 20 MHz BW

The results are shown in Table 2 below. 
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 (RBs)
	Change Required

	1
	190
	135
	100
	140
	100
	No

	2
	80
	56
	50
	50
	50
	No

	3
	95
	67
	50
	62
	50
	No

	4
	400
	284
	100
	312
	100
	No

	5
	45
	N/A
	N/A
	N/A
	N/A
	No

	6
	45
	N/A
	N/A
	N/A
	N/A
	No

	7
	120
	85
	75
	83
	75
	No

	8
	45
	N/A
	N/A
	N/A
	N/A
	No

	9
	95
	67
	50
	62
	50
	No

	10
	400
	284
	100
	312
	100
	No

	11
	48
	34
	25
	24
	20
	Yes

	12
	30
	N/A
	N/A
	N/A
	N/A
	No

	13
	-31
	N/A
	N/A
	N/A
	N/A
	No

	14
	-30
	N/A
	N/A
	N/A
	N/A
	No

	17
	30
	N/A
	N/A
	N/A
	N/A
	No


Table 2  UL BW Limit for REFSENS for 20MHz LTE
3. Text Proposal for TR 36.807 Annex B

Based on the calculations above the following TP is proposed for UL MIMO mode. 
<BEGIN TEXT PROPOSAL>

<UNCHANGED SECTIONS OMITTED> 
Table 7.3.1-2 specifies the minimum number of allocated uplink resource blocks for which the reference receive sensitivity requirement must be met. 

Table 7.3.1-2: Minimum uplink configuration for reference sensitivity
	E-UTRA Band / Channel bandwidth / NRB / Duplex mode

	E-UTRA Band
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	Duplex Mode

	1
	-
	-
	25 
	50 
	75 
	100 
	FDD

	2
	6 
	15 
	25 
	50 
	501
	501
	FDD

	3
	6 
	15 
	25 
	50 
	501
	501
	FDD

	4
	6 
	15
	25 
	50 
	75 
	100 
	FDD

	5
	6 
	15 
	25 
	251
	
	
	FDD

	6
	
	
	25 
	251
	
	
	FDD

	7
	
	
	25 
	50 
	751
	751
	FDD

	8
	6 
	15
	25 
	251
	-
	-
	FDD

	9
	
	
	25 
	50 
	501
	501
	FDD

	10
	
	
	25 
	50 
	75 
	100 
	FDD

	11
	
	
	25
	251
	
	
	FDD

	12
	6
	15
	201
	201

2TX: 153
	
	
	FDD

	13
	
	
	201
	201

2TX: 153
	
	
	FDD

	14
	
	
	
	
	
	
	FDD

	...
	
	
	
	
	
	
	

	17
	
	
	201
	201
2TX: 153
	
	
	FDD

	18
	
	
	25 
	251
	251
	
	FDD

	19
	
	
	25 
	251
	251
	
	FDD

	20
	
	
	25 
	[25]1
	TBD
	TBD
	FDD

	21
	
	
	25
	251
	251
	
	FDD

	…
	
	
	
	
	
	
	

	33
	
	
	25 
	50 
	75 
	100 
	TDD

	34
	
	
	25 
	50 
	75
	
	TDD

	35
	6 
	15 
	25 
	50 
	75 
	100 
	TDD

	36
	6 
	15 
	25 
	50 
	75 
	100 
	TDD

	37
	
	
	25 
	50 
	75 
	100 
	TDD

	38
	
	
	25 
	50 
	75
	100
	TDD

	39
	
	
	25 
	50 
	75 
	100 
	TDD

	40
	
	
	25
	50 
	75 
	100 
	TDD

	Note 1:       The number of UL resource blocks allocated is less than the total resources blocks supported by the channel bandwidth. The UL resource blocks shall be located as close as possible to the downlink operating band but confined within the transmission bandwidth configuration for the channel bandwidth (Table 5.6-1). For Band 20, the location(s) of the UL resource blocks is for further study. 

Note 2:
For the UE which supports both Band 11 and Band 21 the minimum uplink configuration for reference sensitivity is FFS.
Note 3:   The rows marked “2TX” indicate the minimum number of uplink RBs at which the reference sensitivity requirement should be met for UEs capable of communication on a single carrier only and supporting transmission on two antenna ports. In the absence of such a row , the number of uplink RBs for the two antenna port case is the same as the one antenna port case. 



<END TEXT PROPOSAL>
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