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1. Introduction

In RAN1 #84bis meeting, there was discussion on PUSCH and the following agreements were made [1].

	Agreements in RAN1 #84bis:

· For eLAA PUSCH transmission, one interlace is the basic unit of resource allocation, which is composed of 10RBs for 20MHz

· Working assumption: the 10RBs are spaced equally in frequency domain for 20MHz

· Ex for 20MHz eLAA SCell: interlace 0 is composed of RBs 0,10,20,...,90

· Send an LS to RAN4 asking whether or not RAN4 sees issues with the working assumption. RAN1 also discussed the possibility of having unequal spacing in frequency domain for the 10-RB interlace based resource allocation – Jeongho (Intel) - R1-163703 – approved in R1-163683

· FFS the case of other system bandwidth(s)

· 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


In this contribution, we discuss PUSCH resource allocation (RA) in LAA.
2. Discussion
2.1. Interlaced structure for PUSCH
For PUSCH transmission in LAA UL, total 10 interlaces with 10 RBs per interlace for 20MHz system bandwidth was suggested by many companies and was agreed as working assumption in RAN1 #84bis. Since at least 10MHz system bandwidth should be supported in LAA as in [2], the interlaced structure for 10MHz system bandwidth should be also determined. In our perspective, resource granularity (i.e., 10 RBs) should be kept irrespective to system bandwidth for consistent coverage and total 5 interlaces with 10 RBs per interlace can be considered for 10MHz system bandwidth.
Suggestion #1: PUSCH RA with the following fixed interlaced structure can be adopted in LAA.
· 5/10 interlaces with 10 RBs per interlace for 10/20MHz system bandwidth
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Figure 1. PRB based interlaces for PUSCH
Moreover, considering that bandwidth-agnostic PUSCH RA has been considered in RAN1, it may need to consider whether to define interlaced structure for other system bandwidths (except 10/20MHz) or not. For bandwidth-agnostic interlaced structure, the following options can be considered.
· Option 1: Each interlace has equal number of RBs (i.e., 10) and total number of RBs addressable by interlaced structure is multiple of 10RBs and can be less than total system bandwidth.
· Option 2: Each interlace can have unequal number of RBs and total number of RBs addressable by interlaced structure is same as total system bandwidth.
For option 1, it can also be considered only to support system bandwidth where the number of available RB is multiple of 10. For option 2, a predefined rule may be necessary to exclude the case where the number of allocated RBs is not multiple of 2, 3, and 5.

Suggestion #2: It should be decided whether to define interlaced structure for PUSCH allocation for other system bandwidth except 10/20MHz system bandwidth.
Furthermore, impact to the TBS granularity due to limited RB assignment granularity should be further considered. For example, if resource granularity of 10 RBs is assumed, TBS can be indicated within the range of (NRB – 10, NRB] RBs where NRB is the number of allocated RBs based on fixed interlaced structure. This can be done by explicit indication in UL grant or slight modification of existing MCS-RB-TBS tables. If the signalling for finer TBS granularity is introduced at least for single subframe scheduling, it should be further considered whether to use it for multi-subframe scheduling or not.
2.2. PUSCH RA
In RAN1 84bis meeting, it was agreed for UE to assign one or multiple interlaces by using one of the following alternatives.

· Alt 1: resource indication value (RIV) (e.g., UL resource allocation type 0)
· Alt 2: bitmap
· Alt 3: predefined resource allocation patterns
Before discussing the alternatives, it should be clarified what is the main benefit when flexible allocation of multiple interlaces is supported. During RAN1 meetings, there were contributions [3, 4] which said that allocation of non-consecutive interlaces would be beneficial in terms of regulatory requirement on maximum PSD limitation [5]. In our understanding, the requirement should be satisfied with arbitrary 1MHz window. Therefore, transmission power (TXP) per RB for PUSCH would be bounded by the allowed TXP per RB in the worst case where the resolution window for PSD (e.g., 1MHz) maximally includes allocated resources for PUSCH.
Observation #1: With maximum PSD limit, TX power per RB is bounded by the allowed TX power per RB in the worst case where the resolution window for PSD (e.g., 1MHz) maximally includes allocated resources for PUSCH.
In this regard, consecutive allocation and non-consecutive allocation for two interlaces where each consists of 10RBs can be compared in terms of PSD limit as seen in Figure 2. Here, maximum PSD of 10dBm/MHz is assumed following ESTI regulation [5]. For the former one, 2 RB can be maximally included within 1MHz window and TXP per RB can be bounded by 7dBm (= 10-10∙log10(2)). On the other hand, about 1.6 RB can be maximally included within 1MHz window and TXP per RB can be bounded by about 8dBm (≈ 10-10∙log10(1.6)). Hence, there is only 1dB TXP boost gain with non-consecutive interlace allocation scheme. Considering that channel estimation performance is better with consecutive interlace allocation, the TXP boost gain with non-consecutive interlace allocation would be marginal.
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Figure 2. Consecutive and non-consecutive allocation of multiple interlaces
Therefore, we suggest resource indication value (RIV) based PUSCH RA as in Figure 3. UE can interpret RIV as consecutive L indices, each of which directly indicate interlace index which is mapped to physical resource for interlace in a sequential manner as depicted in Figure 3. For the PUSCH RA in Figure 3, RIV can be represented as

RIV = NTOTAL (LCINDEX - 1) + ISTART   if (LCINDEX - 1) ≤ floor(NTOTAL/2)

RIV = NTOTAL (NTOTAL - LCINDEX + 1) + (NTOTAL -1-ISTART)
if (LCINDEX - 1) > floor(NTOTAL/2)
where NTOTAL, LCINDEX, and ISTART are total number of interlaces, number of allocated consecutive indices, and first index for interlace, respectively. It should be also noted that signalling overhead for PUSCH RA should be minimized considering newly added bits fields (e.g., HARQ number, RV, LBT parameter, TX gap, etc.) and multi-subframe scheduling for LAA UL. With the use of Alt 1, bit width for RIV based PUSCH RA is 6 bits (≥log2(11C2)) and 4 bits can be saved compared to 10 bits bitmap.

Suggestion #3: Adopt RIV based PUSCH RA (i.e., UL resource allocation type 0) in LAA.
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Figure 3. RIV based PUSCH RA
3. Multiplexing with other UL channel
If PUSCH is transmitted over entire system bandwidth with PRB based IFDMA in LAA UL, multiplexing between PUSCH and other UL channel (e.g., PRACH) should be considered. Since only non-contention based PRACH can be transmitted in LAA, eNB can know whether PRACH will be transmitted in an UL SF or not. Therefore, eNB can handle multiplexing between PUSCH and PRACH. For example, eNB can indicate RBs where PUSCH cannot be transmitted by UL grant. Then, PRACH can be transmitted within the RBs indicated by eNB.
Suggestion #4: Depending on the design of other UL channel (e.g., PRACH), it can be considered to dynamically indicate RBs where PUSCH cannot be transmitted.
4. Conclusion

In this paper, we discussed PUSCH RA in LAA SCell. The suggestions of this paper are summarized as follows.
Suggestion #1: PUSCH RA with the following fixed interlaced structure can be adopted in LAA.
· 10/5 interlaces with 10 RBs per interlace for 20MHz/10MHz system bandwidth
Suggestion #2: It should be decided whether to define interlaced structure for other system bandwidth except 10/20MHz system bandwidth.
Suggestion #3: Adopt RIV based PUSCH RA (i.e., UL resource allocation type 0) in LAA.
Suggestion #4: Depending on the design of other UL channel (e.g., PRACH), it can be considered to dynamically indicate RBs where PUSCH cannot be transmitted.
5. Reference

[1] RAN1 chairman’s notes, RAN1#84bis
[2] RP-152272, “New Work Item on enhanced LAA for LTE,” Ericsson, Huawei.

[3] R1-160994, “Uplink Resource Allocation Design for Enhanced LAA,” Ericsson

[4] R1-160775, “UL waveform for LAA PUSCH,” Nokia Networks, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell
[5] 3GPP TR 36.889 V1.0.1
