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1. Introduction
In this document, we provide an adequate IBE mask for almost contiguous allocations.
2. Discussion
2.1. Background
· In a previous meeting RAN4#98, an agreement for the IBE mask for the in-gap requirement could not be reached. One company argues that the originally proposed mask proposed in [1] was too stringent. Another company argued that it was too late to introduce the IBE mask into release 15 [2]. And finally, one company argued that no IBE test is required due to PUCCH being transmitted with QPSK modulation [4]. Regardless, it is paramount that an in-gap IBE mask be provided to ensure UEs transmitting PUCCH are protected from interference from other UEs transmitting PUSCH data in the same CC to ensure a healthy eco-system, otherwise UEs would be free to transmit noisier emissions in between PUSCH transmissions corrupting the SNR of another UE transmitting PUCCH data in the gap with critical information.
2.2.  Discussion

· Two types of IBE masks for in the gap emissions were discussed for almost contiguous allocations: Composite and Sum. First, a composite mask that was proposed in [1] using the maximum of the IBE masks from each RB cluster. Second, a sum of the IBE masks from all the RB clusters was proposed in [2]. We provide the justification for [2].
· To illustrate the IBE masks from the 2 proposals, we provide 2 example cases shown in figure 1 for almost contiguous allocations using 2 clusters with a 25% unallocated to allocated RB ratio for the 25MHz case where NRB=133.
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Figure 1: 2 example cases for almost contiguous allocations using 2 clusters, assuming PUCCH data from another UE will be transmitted in the narrowest unallocated region. RBs allocated in accordance to TS 38.214 Type A resource UL allocations. Case 1 is where PUCCH could be transmitted from another UE out of gap and Case 2 is where PUCCH is transmitted from another UE in the gap.
· Figures 2a, 2b, shows the proposed IBE masks using the 2 example cases in figure 1.
· Green trace in-gap and out-of-gap masks is our original contribution [1] using the maximum of the IBE masks of the individual clusters. This mask is the most stringent that was not acceptable to some companies, although it is the most advantageous to the network.
· Red trace in-gap mask is the actual sum of the IBE masks of the individual clusters proposed in the discussion in [2]. Some companies thought this was the more correct approach since the in-gap mask for IBE is not a regulatory type emission mask that needs to be met and allowance should be made for the cross cluster sum of the emissions from the 2 clusters. The approach seems reasonable.
· In equation form, the general term for the sum of the individual cluster components can be simplified in linear terms at the middle of the gap position as follows:
[image: image5.png]



[image: image6.png]105 [10- 5]




· For almost contiguous allocations and taking LCRB as the sum of the cluster LCRB, which was the agreement in [3], L ~ NRB and Δ ~ .25NRB, for in-gap unallocated RBs, depending on the gap size this approximates in log terms to
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· Dark blue in-gap mask is the approximated sum of the IBE masks (upper bound in the above equation) of the individual clusters to ease the burden in writing the specification.
· Yellow out-of-gap mask is the IBE mask specification already agreed in TS38.101-1. 
· Yellow/Green out-of-gap mask show similar result as long as the delta RB position from the allocation is small. 
· It becomes apparent that as the in-gap gets smaller, the sum of emissions of the clusters approaches the upper bound of 20*log(EVM). The out-of-gap mask tends to tighten using the composite mask [1] as the out-of-gap gets larger for higher delta-RB. Since PUCCH allocations tend to use lower LCRB allocations, these transmissions will occur for small in-gap and out-of-gap unallocated RB allocations. In these regions, the IBE mask in-gap can be approximated to the upper bound of 20*log10(EVM) and the IBE mask out-of-gap can be approximated to the upper bound using LCRB (almost contiguous) = LCRB (allocated RBs) + LCRB (unallocated RBs out-of-gap). So, it makes sense to have an upper bound using the LCRB of the sum of the individual cluster LCRB. 
· Proposal 1: For almost contiguous allocations, use the IBE mask defined in section 4.
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Figure 2a. Composite Mask Vs the Sum Mask Vs 3GPP Mask for Case 1 RB allocation
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Figure 2b. Composite Mask Vs the Sum Mask Vs 3GPP Mask for Case 1 RB allocation
3. Conclusion

· Proposal 1: For almost contiguous allocations, use the IBE mask defined in section 4.
.
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4. IBE Mask
Table 6.4.2.3-1: Requirements for in-band emissions
	Parameter description
	Unit
	Limit (NOTE 1)
	Applicable Frequencies

	General
	dB
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	Any non-allocated,
excluding gaps (NOTES 2, 11)
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	In allocation gaps (NOTES 2, 12)

	IQ Image
	dB
	-28
	Image frequencies when output power > 10 dBm
	Image frequencies (NOTES 2, 3)

	
	
	-25
	Image frequencies when output power ≤ 10 dBm
	

	Carrier leakage
	dBc
	-28
	Output power > 10 dBm 
	Carrier leakage frequency (NOTES 4, 5)

	
	
	-25
	0 dBm ≤ Output power ≤ 10 dBm
	

	
	
	-20
	-30 dBm ≤ Output power < 0 dBm
	

	
	
	-10
	-40 dBm ≤ Output power < -30 dBm
	

	NOTE 1:
An in-band emissions combined limit is evaluated in each non-allocated RB. For each such RB, the minimum requirement is calculated as the higher of [image: image15.png]


- 30 dB and the power sum of all limit values (General, IQ Image or Carrier leakage) that apply. [image: image17.png]


 is defined in NOTE 10.

NOTE 2:
The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured average power per allocated RB, where the averaging is done across all allocated RBs. For pi/2 BPSK with Spectrum Shaping, the limit is expressed as a ratio of measured power in one non-allocated RB to the measured power in the allocated RB with highest PSD.
NOTE 3:
The applicable frequencies for this limit are those that are enclosed in the reflection of the allocated bandwidth, based on symmetry with respect to the carrier leakage frequency, but excluding any allocated RBs.

NOTE 4:
The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured total power in all allocated RBs.

NOTE 5:
The applicable frequencies for this limit depend on the parameter txDirectCurrentLocation in UplinkTxDirectCurrent IE, and are those that are enclosed either in the RB containing the carrier leakage frequency, or in the two RBs immediately adjacent to the carrier leakage frequency but excluding any allocated RB.

NOTE 6:
For contiguous allocations, LCRB is the Transmission Bandwidth (see clause 5.3).  For almost contiguous allocations defined in sub-clause 6.2.2, LCRB is the transmission bandwidth including the gaps: LCRB = NRB_alloc + NRB_gap.
NOTE 7:
NRB is the Transmission Bandwidth Configuration (see clause 5.3).

NOTE 8:
EVM is the limit specified in Table 6.4.2.1-1 for the modulation format used in the allocated RBs.

NOTE 9:
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 is the starting frequency offset between the allocated RB and the measured non-allocated RB (e.g. ∆RB = 1 or ∆RB = -1 for the first adjacent RB outside of the allocated bandwidth.

NOTE 10:
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 is an average of the transmitted power over 10 sub-frames normalized by the number of allocated RBs, measured in dBm.

NOTE 11: 
For contiguous allocations, applies to all unallocated RBs. For almost contiguous allocations, applies to unallocated RBs excluding gap RBs.

NOTE 12: 
Applies to gaps of almost contiguous allocations.
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