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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:
Agreement
· One interlace is composed of 10RB/interlace for 10MHz

Possible agreement:
· Companies are encouraged to provide their preference on the RA alternatives

· Alt 1: UL resource allocation type 0

· Alt 2: bitmap based resource allocation

· Alt 3: predefined resource allocation patterns with the number of bits being same or less than Alt. 1

· Define all contiguous patterns + the patterns in the set [0+5, 1+6, ….]

· Define all contiguous patterns + other patterns

· Examples provided in R1-164055
· Define some number of patterns based on the number of interlaces allocated

· More patterns for fewer interlaces

· Alt 4: RRC configure between Alt 1 and Alt 2

Further agreements were made based on the email discussion [85-5-3]:
Transmission on UL is allowed to start at the following times in a UL subframe
         Start of DFTS-OFDM symbol 0

         Start of DFTS-OFDM symbol 1

         25 us after start of DFTS-OFDM symbol 0
         25 us + TA value after start of DFTS-OFDM symbol 0  

FFS: Choose between the following options to enable the start times within the first DFTS-OFDM symbol
·    Option 1: Extension of cyclic prefix of the next DFTS-OFDM symbol to occupy part of the first DFTS-OFDM symbol

·    Option 2: Rate matching around the modulation symbols corresponding to the first 25 µs of DFTS-OFDM symbol 0 and also around the modulation symbols at the end of DFTS-OFDM symbol 0 corresponding to the cyclic prefix length

· FFS: Whether windowing at the beginning of the UL transmission is necessary to reduce the impact on out of band emissions.
In this contribution we discuss the remaining details related to PUSCH resource allocation for Frame Structure 3.
2
Remaining details on eLAA PUSCH transmission
2.1
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 and RAN1#85.
Alt 1:  UL resource allocation type 0 consists of a resource indication value (RIV) corresponding to a starting resource block (
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( 1). As stated in TS 36.212, UL resource allocation type 0 requires 
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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). 
Alt 4:  This option allows for the network to choose which of the aspects – low signaling overhead or maximized resource allocation flexibility – is more important. The downside is the increased specification as well as (UE) implementation effort.
2.2
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 SNR operation point (and smaller MCS accordingly). 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.
2.3
Starting time for PUSCH transmission within a subframe
Another open question relates to the time when UL transmission is allowed to start within a subframe. In the email discussion [85-5-3] it was agree that in addition to the DFT-S-OFDM symbol boundary, the UL transmission may also start: 

•         25 us after start of DFTS-OFDM symbol 0
•         25 us + TA value after start of DFTS-OFDM symbol 0  
However, it was still left open how to exactly facilitate starting of UL transmission in the middle of a symbol. The following options are considered:

·    Option 1: Extension of cyclic prefix of the next DFTS-OFDM symbol to occupy part of the first DFTS-OFDM symbol

·    Option 2: Rate matching around the modulation symbols corresponding to the first 25 µs of DFTS-OFDM symbol 0 and also around the modulation symbols at the end of DFTS-OFDM symbol 0 corresponding to the cyclic prefix length

·  FFS: Whether windowing at the beginning of the UL transmission is necessary to reduce the impact on out of band emissions.
Both options have their merits. Option 1 allows for simple implementation both at the UE and the eNodeB. On the other hand, option 2 allows for using part of the first symbol for transmitting data, hence improving spectral efficiency slightly. This comes at the cost of complexity, as the channel coding chain would need to be modified to account for a new type of symbol. Furthermore, especially with non-zero TA, the benefits of having some additional REs available becomes rather limited. In our view the minor benefits of option 2 over option 1 do not motivate the significant complexity increase and therefore we propose to choose option 1 (extension of CP) as the way to construct 25 us (+TA) gap at the start of a subframe.
Proposal #2: Adopt Option 1 (Extension of cyclic prefix of the next DFTS-OFDM symbol) as the way of facilitating start of UL transmission in the middle of a DFT-S-OFDM symbol 

3
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: Adopt Option 1 (Extension of cyclic prefix of the next DFTS-OFDM symbol) as the way of facilitating start of UL transmission in the middle of a DFT-S-OFDM symbol 
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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.
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