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1
Introduction
This contribution deals with the remaining open issues related to PUSCH resource allocation. The following agreements were made in RAN1#84bis:
· A UE can be assigned one or more interlaces

· The total number of RBs used for transmission should be a multiple of 2,3 and 5

· Decide one of the following alternatives:

· Alt 1: UL resource allocation type 0 is used to allocate multiple interlaces to a UE

· UL grant indicates start index and allocated number of interlaces with consecutive indices

· Alt 2: bitmap based resource allocation

· Alt 3: predefined resource allocation patterns

· FFS: excluding some UL RBs from the resource allocation

Furthermore, there was also a working assumption regarding the interlaced structure:
· Working assumption: the 10RBs are spaced equally in frequency domain for 20MHz

In this contribution we discuss the remaining details related to PUSCH resource allocation for Frame Structure 3.
2
PUSCH resource allocation 
2.1
Uniform vs. non-uniform spacing of PRBs within an interlace
The impact of PUSCH interlace structure on out-of-band emissions was discussed in RAN1#84bis, considering both uniform as well as non-uniform spacing of PRBs within each PUSCH interlace. A related LS was sent to RAN4 [3]. In [4] we provide analysis of the adjacent channel emissions for PUSCH interlaces with uniform as well as non-uniform PRB spacing. The key results are also shown in Figure A2 in Appendix C at the end of this TDoc. 
Based on the simulation results, the interlace RB randomization does not improve the unwanted emission peaks, nor the E-UTRA ACLR, compared to fixed RB spacing. In addition, having non-equidistant RB allocations would require careful design of the interlaces in order to support multiplexing of 10 users. Therefore there does not seem to be a problem with confirming the working assumption “the 10RBs are spaced equally in frequency domain for 20MHz”.
2.2
Details of PUSCH resource allocation signaling
In the following we discuss pros and cons related to different resource allocation signaling options identified in RAN1#84bis.
Alt 1:

UL resource allocation type 0 consists of a resource indication value (RIV) corresponding to a starting resource block (
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 bits. This means that when applying it the LAA scenario it consumes 6 bits @ 20 MHz bandwidth and 4 bits @ 10 MHz bandwidth, respectively.

As discussed in [1], when operating under PSD limit, there is a need to support allocation of non-adjacent interlaces esp. those with fixed 5PRB offset. In order to support this option with UL resource allocation type 0, interlaces must be allocated in a specific order as indicated in Figure 1. On the other hand, this is not the best option from channel estimation point of view especially in interference limited scenarios as discussed later.
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Figure 1. Interlace indexing for Alt 1 with two consecutive interlaces (0, 1) allocated for an UE.

Since Alt 1 can support only contiguously allocated interlaces (with given indexing) it results in limited resource allocation flexibility, at least in certain scenarios. For example, when a subframe contains PRACH resources, Alt 1 may not be able to assign the available resources for one UE. Similar scenarios may happen also in the future when multiplexing PUSCH with PUCCH or UCI on PUSCH. 
Alt 2:

Bitmap based resource allocation consumes 10 bits @ 20 MHz bandwidth and 5 bits @ 10 MHz bandwidth, respectively. It provides the full flexibility with respect to allocation of non-adjacent interlaces including those with fixed 5PRB offset. It supports also allocation of adjacent interlaces optimally from channel estimation point of view (see Figure 2), which can be beneficial in the cases where maximum TX power is not needed. Furthermore it provides full flexibility in terms of coexistence with other channels (such as PRACH).
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Figure 2. Interlace indexing for Alt 3 with two consecutive interlaces (0, 1) allocated for an UE.

Alt 3:

Usage of predefined resource allocation patterns could be seen as an option between Alt 1 and Alt 2 [2]. It will reduce the number of bits required in the resource allocation field to some extent. However, it creates additional complexity (in the form of new table in the specification). Nevertheless, it is not fully flexible in solving all potential coexistence issues with other channels (such as PRACH). 
2.3
Performance comparison between Alt 1 and Alt 2

We compared the link performance of Alt 1 and Alt 2 in the scenario where two interlaces are allocated to an UE.  Simulation results as well as the key simulation assumptions are shown in the APPENDIX (Table 1A, Figure 1A). Link level performance is evaluated in the scenario with 5 simultaneous UEs per 20 MHz carrier and with four different MCSs. Results are given for two different scenarios, namely Typical Urban and ITU Urban Micro. 

As can be seen from Figure A1, the performance of Alt 1 is up-to 0.5 dB worse compared to Alt 2. Performance difference increases with decreasing MCS and the SNR operation point. Results clearly show that Alt 1 suffers from degraded channel estimation performance. Furthermore, Alt 1 suffers slightly more from the increased the frequency selectivity of the channel. Even though the amount of frequency diversity is increased, the channel estimation performance decreases even more. 

Based on the results and discussion, we make the following proposal. 

Proposal 1: Adopt Alt 2 (bitmap based resource allocation) for LAA PUSCH.

3
Other open issues
Agreement made in RAN1#84bis covers only 20 MHz option for B-IFDMA parametrization. There are two options available in the case of 10 MHz bandwidth:

·   Option #1: Define the number of B-IFDMA interlaces to be the same as in the case of 20 MHz bandwidth. The minimum allocation reduces accordingly to 5 PRBs

·  Option #2:  Define the minimum allocation to be the same as in the case of 20 MHz bandwidth. The number of interlaces reduces accordingly down to 5.

We think that Option #2 is better approach for LAA scenario. This enables a structure allowing for the same amount of physical resources per interlace compared to 20 MHz operation. This approach is especially useful when considering control channel operation (including SRS and PRACH) and coverage. 

Based on the considerations above, we make the following proposal:

Proposal 2: B-IFDMA design is based on five 10-PRB interlaces for 10 MHz bandwidth. 

Based on a previous agreement, the allowed DFT sizes are limited to those that are multiples of 2, 3 and 5 to allow for efficient DFT implementation. Table 1 shows the supported bandwidth options with different clusters sizes (=number of interlaces allocated).  Cluster size of 7 PRBs is not supported based on the DFT size limitation (70x12 cannot be expressed as multiples of 2, 3, and 5). Hence, allocation with 7 interlaces needs to be excluded from the set of possible bandwidth options for LAA PUSCH. If UE receives PUSCH allocation consisting of 7 interlaces, it may consider such allocation as false positive detection of an UL grant.  

Table 1. Supported bandwidth options for LAA PUSCH
	Number of interlaces
	# of PRBs

	1
	10

	2
	20

	3
	30

	4
	40

	5 (Full bandwidth, 10 MHz)
	50

	6
	60

	8
	80

	9
	90

	10 (Full bandwidth, 20 MHz)
	100


Proposal 3:  Allocation of 7 interlaces is not supported as a bandwidth option for LAA PUSCH.
4
Conclusions
In this contribution we have discussed the remaining open issues related to PUSCH resource allocation. Based on the discussion and results we make the following proposals:
Proposal 1: Adopt Alt 2 (bitmap based resource allocation) for LAA PUSCH.

Proposal 2: B-IFDMA design is based on five 10-PRB interlaces for 10 MHz bandwidth. 

Proposal 3:  Allocation of 7 interlaces is not supported as a bandwidth option for LAA PUSCH.

References 
[1] R1-162817, “PUSCH waveform”, Nokia, Alcatel Lucent Sanghai Bell Labs
[2] R1-162799, “Discussion on PUSCH design for eLAA UL”, NTT DOCOMO, INC.

[3] R1-163683, LS on PUSCH transmission for eLAA, RAN1#84bis

[4] R4-163817, “eLAA interlace spacing”, Nokia
Appendix A: Simulation assumptions

Table A1. Simulation assumptions

	Parameter 
	Setting 

	Carrier Frequency 
	2 GHz 

	System Bandwidth 
	20 MHz

	Channel Model 
	ITU Typical Urban, ITU Urban Micro

	Frequency hopping
	OFF

	Antenna Setup
	1Tx, 2 Rx

	MCS
	QPSK 1/10, QPSK ¼, QPSK 1/2, 16QAM 3/10

	Channel Estimation
	Practical 

	Noise Estimation
	Ideal

	Frequency error
	Not included

	Performance Metric 
	BLER


Appendix B: Link simulation results
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Figure A1. Link simulation results, 5 UEs.
Appendix C: Simulation results for adjacent channel emissions
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Figure A2: Simulation results for Rel-8 100RB (top left), worst case interlace with fixed RB spacing (top right), two interlaces with randomized RB spacing (bottom).
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