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1 Background
Since the introduction of Cat-M1 in Release 13, there has been a continued evolution to increase the downlink peak data rate of BL UEs, especially for the widely deployed HD-FDD UEs, while keeping the UE complexity low (maximum TBS of 1000 bits). Several companies in RAN1 proposed to introduce technical enhancements to increase peak data rates attainable by half-duplex Cat-M1 UEs in FDD. The proposals are described in detail in [1] and also shown in Annex A for quick reference. RAN1 sent LS to RAN2 in R1-1911398 [2] indicating potential agreements and asking RAN2 whether “RAN2 has any concerns if RAN1 agrees to the above as TEI for Rel-16”.
The main idea of RAN1 proposal is to increase number of HARQ processes from 10 to 14 without changing supported bandwidth, TBS size, and without exceeding peak data rate of Cat-M1 (which is currently 1 Mbps). This would increase Cat-M1 HD peak data rate from 588kbps to 706kbps (see Annex A for details how this is proposed to be achieved). The proponents explained in RAN2 [3] that there are no issues from RAN2 point of view if RAN1 proceeded with the proposal. 
RAN2 replies to RAN1 [4] indicating “RAN2 discussed and concluded it is feasible to introduce RRC configuration flag and a UE capability to indicate the support of 14 HARQ processes for Cat-M1 UEs in HD-FDD in Rel-16 and RAN1 can proceed with their technical work.” 
Observation 1: RAN2 already concluded that it is feasible to provide necessary RRC signalling to support the RAN1 TEI proposal.
However, some companies insisted in RAN2 that there may be issues, without giving any specifics about the potential issues. Therefore, following was captured in the LS [4]:
“Some companies in RAN2 indicated that L2 buffer size requirements may be impacted, however there was no consensus.”
Separately, RAN1 sent LS to RAN [5], where RAN1 asks RAN to make a decision with respect to this TEI in Rel-16. In this document we clarify there is no other RAN2 impact than what RAN2 has already concluded to be feasible and propose that RAN1/RAN2 should proceed with this technical enhancement in Rel-16.  
2 L2 buffer size for Cat-M1
During RAN2#108, an offline email discussion [6] was conducted, where the opponents of the proposal argued that there may be need for higher L2 buffer sizes.
It was clarified during the offline email discussion [6] that:
· all the previous calculations of L2 buffer size assumes a magical number of 75ms RLC RTT, regardless of whether it is half duplex or full duplex, whether it supports 8 or 10 or 16 HARQs, whether it is FDD or TDD.
· even with the assumption of the worst-case maximum RLC RTT of 137ms for some HARQ processes, the required L2 buffer size would still be much lower than currently specified values.
· the peak data rate for half duplex UEs with the enhancement would not exceed the current peak data rate of Cat-M1 in full duplex.

Observation 2: There is no issue of L2 buffer size as claimed by some companies.
3 Cat-M1 or new Cat?
Some companies also argued that new UE category may be required. It was clarified during the offline discussion that new UE category is not required because there is:
· no change in supported BW, 
· no change in supported max TBS size, 
· no change in peak data rate beyond currently supported by Cat M1.

Observation 3: There is no need of a new UE category for this enhancement.
4 [bookmark: _Toc22732026][bookmark: _Toc22731807][bookmark: _Toc22731808][bookmark: _Toc22731809]Conclusions
Based on the above, RAN should conclude that:
Proposal 1: 	RAN1 and RAN2 can proceed with technical enhancement to increase peak data rate of HD-FDD Cat. M1 UEs with introduction of 14 HARQ processes in Rel-16.
Proposal 2:	New UE category is not introduced for the above.
Proposal 3:	Indicate above agreements in LS reply to RAN1 and RAN2.
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Annex A: Quick summary of proposed RAN1 enhancement 
Current Cat-M1 peak data rate in HD-FDD of 588kbps is achieved by a combination of usage of 10 HARQ processes and HARQ-ACK bundling as shown in Figure 1:


Figure 1 Peak throughput for Cat M1 HD-FDD

Assuming a TBS of 1000 bits is transmitted in each of the PDSCH, the peak data rate achieved by this scheduling is . In RAN1, the proposal is to increase the peak data rate to  (20% increase) by allowing data scheduling in subframes 0 and 1, and without increasing the UE complexity or introducing big changes to the specification. In Figure 2 we show a high-level depiction of how to achieve this data rate increase – mainly by allowing an MPDCCH in subframes 10-11 schedule PDSCH in subframes 17-18. As shown in Fig. 2, the enhancement would need 14 HARQ processes (increased from currently supported 10).


Figure 2 Proposed new peak throughput for Cat-M1 HD-FDD
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