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Introduction
[bookmark: _Ref178064866]In the revised WID for efeMTC for LTE [1], the following improvement is listed as one of the objectives under “Improved spectral efficiency”: 
	· Increased PUSCH spectral efficiency [RAN1 lead, RAN2, RAN4]
· E.g. sub-PRB resource allocation, with no less than 3 subcarriers within a sub-PRB allocation.



RAN1 has discussed increased PUSCH spectral efficiency starting in RAN1#89 through RAN1#92. Partial list of RAN1 agreements potentially affecting RAN2 discussions can be found below:
The following agreement was made in RAN1#90:
	· Sub-PRB allocation method shall be specified



The following agreements were made in RAN1#90bis:
	· Sub-PRB shall be supported at least in CE Mode B
· Working assumption: Sub-PRB shall be supported in CE Mode A.
· RAN1 will prioritize optimization of Sub-PRB for CE Mode B over optimization of Sub-PRB for CE Mode A.
· For Sub-PRB, the maximum total number of (valid) subframes of transmission is: 
· 32 subframes for CE Mode A
· 2048 subframes for CE Mode B
· FFS: Supported transport block sizes and numbers of repetitions (for each supported CE Mode)

<omitted agreements>

· For Sub-PRB allocation in connected mode,
· The Sub-PRB feature is configured/enabled by RRC signaling 
· The Sub-PRB resource allocation shall be signaled by DCI
· FFS: Support of Sub-PRB allocation in Msg3 



The following agreement was made in RAN1#91:
	· Confirm RAN1#90bis working assumption: Sub-PRB shall be supported in CE Mode A.
· RAN1 will prioritize optimization of Sub-PRB for CE Mode B over optimization of Sub-PRB for CE Mode A



RAN1#92 and RAN1#92bis resulted in number of additional agreements, but these are not listed above as they seem to not directly affect RAN2 discussion. Summary of the agreements until after the previous meetings in April can be found in [2].
RAN2#101bis discussed sub-PRB and reached an agreement to capture text proposals in [3] in the running CRs. The TPs introduced UE capability and configuration of sub-PRB allocation. These have been captured in running TS 36.331 CR for eMTC, with additional configuration parameters indicated by RAN1 in [5].
However, up to RAN1#92bis, RAN1 has not made an agreement on if sub-PRB allocation would be supported in Msg3. As RAN2#102 is intended to be the final meeting for this work item for 3GPP Release 15, we provide this contribution with discussion of early sub-PRB allocation in Msg3 and/or Msg5 to facilitate any possible discussion which may be triggered by RAN1 decisions before Release 15 is closed. 
Discussion
Based on the agreements in RAN2 so far, sub-PRB allocation can be used for UEs in RRC_CONNECTED once the network knows the UE capabilities w.r.t. sub-PRB and has configured UE to use sub-PRB in CE Mode A or B. Use of sub-PRB allocation for Msg3 and Msg5, i.e., before RRC connection has been established would have additional effect in RAN2 specifications, therefore, in [3] one conclusion shared by the companies who provided replies was to wait until RAN1 has reached some conclusion considering possible support of sub-PRB allocation in Msg3. 
As the RAN1 work for sub-PRB is not closed yet it is not exactly clear, at least in RAN2, what would be the benefit of enabling sub-PRB allocation for Msg3 and Msg5. In [3] it was pointed out that one possible performance benefit would be to use PSD boosting for transmissions using sub-PRB thus reducing the number of repetitions used to transmit the messages. Some additional reasoning is given e.g. in [6], listing better UL spectral efficiency, SNR gain, UE battery life and increased UE TX power as advantages of sub-PRB transmission. 
However, in legacy LTE, thus also in LTE-MTC, Msg3 is a small message typically some tens of bits, thus there seems to at least no large benefit of using sub-PRB. For Msg5, larger transmissions are possible and some gain could be achieved, although it is somewhat unclear without e.g. simulation studies what the exact gain would be.  

[bookmark: _Toc513504009][bookmark: _Toc513793316]The gains of enabling sub-PRB allocation for Msg3 or Msg5 are not clear without additional studies. 

For early data transmission (EDT) during random access, to be specified for LTE-M and NB-IoT in Release 15, it is possible to send user data already in Msg3. This means that use of sub-PRB for Msg3 could be better justified for EDT compared to the legacy case. In the following we discuss two cases of early sub-PRB allocation: for Msg3 in EDT and Msg5 (in general).

Sub-PRB for Msg3 in EDT
For sub-PRB to be used in Msg3, the UE would need to know if eNB supports the feature, and for eNB it would be beneficial to know if the UE is going to use sub-PRB or not. 
Some solution alternatives (see e.g. [3],[6]) could be:
1. Sending two RARs, one for full- and one for sub-PRB allocation.
2. Sending one RAR, which implicitly would indicate sub-PRB allocation for UEs supporting the feature depending on the number of repetitions used for Msg2 transmission. 
3. UE indicating support of the feature in Msg1, in practice meaning PRACH partitioning. 
4. Coupling sub-PRB allocation with EDT, meaning UEs supporting EDT would also support sub-PRB allocation for Msg3 in EDT.

All of the solutions listed above have some significant drawbacks: 1. and 2. would require eNB to do additional blind decoding attempts, RAR format changes and transmitting multiple RARs (which would reduce efficiency for resource allocation). Considering that EDT already can be configured with up to 4 decoding attempts for different TB sizes, blind decoding attempts for sub-PRB are not preferred due to increased complexity. 3. would mean even further PRACH partitioning, which is also already one component of EDT meaning even further fragmentation and resource use for PRACH. Coupling features, like in 4. would mean less flexibility for lower complexity UEs and slower adoption of EDT feature as there would be additional requirements for both UE and network side to implement EDT. 

Moreover, similar solutions have been discussed before in RAN2 in the context of UE indicating (or not) its intention to use EDT. Based on these earlier discussions, additional performance degradation due to e.g. additional blind decoding attempts or fragmenting resources for indication are not preferred. In the previous discussions the drawbacks of such schemes have been considered to outweigh the benefits. Therefore, considering the short time left for Rel-15 work, and that the gain due to sub-PRB allocation for Msg3 not being clear for the moment, we propose not to consider sub-PRB allocation for Msg3 in EDT further in this release. 

[bookmark: _Toc513504010][bookmark: _Toc513793313]Sub-PRB allocation for Msg3 is not supported in Release 15. 

Sub-PRB for Msg5

In principle the eNB could retrieve the UE radio capabilities once it has received Msg3 based on e.g. the UE identity (S-TMSI) or the resume ID. Drawback of this would be possible additional delay in processing before replying back with Msg4. Alternatively, an indication could be defined in Msg3 or an unused LCID field could be used to denote UEs capability to use sub-PRB allocation (in Msg5). 
Thus, at least from RAN2 perspective, sub-PRB for Msg5 would be more straightforward to implement, and the drawbacks may not be as severe. However, even for this case, whether it would be beneficial considering the effort is not clear compared to the case after the RRC connection is established. Thus, before discussing how sub-PRB allocation for Msg5 would work, RAN2 should discuss if the gain is worth the complexity.

[bookmark: _Toc513504011][bookmark: _Toc513793314][bookmark: _GoBack]Discuss if the gains due to sub-PRB allocation for Msg5 are significant enough to support the functionality. 

Conclusion
We made the following observations in the summary:
Observation 1	The gains of enabling sub-PRB allocation for Msg3 or Msg5 are not clear without additional studies.

And the following proposals:
Proposal 1	Sub-PRB allocation for Msg3 is not supported in Release 15.
Proposal 2	Discuss if the gains due to sub-PRB allocation for Msg5 are significant enough to support the functionality.
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