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1. Introduction 
Following agreement was made in the RAN2#119-w meeting.
Agreements:

1. RAN2 understands that, based on the WID, only solutions that address the NTN specific characteristics (e.g. related to propagation delays, coverage loss, satellite movement) should be considered. But the identified solutions could then also be applicable to other cases (TN networks). In any case this will be discussed case by case (this understanding is not meant to change the WID description)

Among other solutions (such as repetitions, TTI bundling, DMRS bundling etc.) that RAN1 is working on for the coverage enhancement, control in voice frame aggregation and reduction of overhead in the TBS size can be studied by RAN2. In this document, we provide further details on voice frame aggregation.
2. Discussion 

2.1 Voice frame aggregation

As described in [2], in NTN, the link budget analysis needs to consider the additional loss accounted for the negative UE antenna gain of a typical commercial smart phone, the polarization mismatch, and any other loss not accounted for. For higher satellite altitudes, the minimum supported elevation angles can be much higher. For example, for satellite altitude 1000km, the minimum supported elevation angle is 70 degrees for 4.75kbps voice as explained in [2].
Therefore, additional coverage enhancement techniques are needed to support wider range of elevation angles such as 30 degrees. In addition, for voice codec rate 4.75 kbps and 95 bits per frame, the protocol overhead is still about 45.7% of the TBS size, which is significant as described in [3]. The voice traffic arrival rate can be 1 frame per packet per 20ms. However, to efficiently utilize the the resource and save UE power and still meet the packet delay budget, 40ms CDRX is used, i.e., voice packets are transmitted every 40ms, but as two separate packets, each incurring full headers. A simple solution is to increase the number of repetitions per bit, which can be achieved by voice frame aggregation.
Observation 1. Increased number of repetitions per bit can improve the SNR gain. Frame aggregation helps increase the number of repetitions per bit.

Application layer frame aggregation

RAN has no control whether it can ask UE to use the voice frame aggregation technique. RAN can make recommendation by sending Recommended bit rate MAC CE. This is just a recommendation to adjust the coding rate based on congestion and therefore, it does not trigger the voice frame aggregation. Therefore, we think similar to Recommended bit rate MAC Control Element, RAN2 can study a mechanism for RAN to enable UE to trigger the voice frame aggregation. For example, in NTN NGSO (not in GSO), the default configuration could be 2 voice frames/packet. Alternatively, the following steps can also be considered. For this (e.g., for step 2 and 3 below), necessary liaisons with SA4 can be done.
(1) Network configures UE to trigger RTP bundling (for example, configuring voice DRB)

a. This is inline with “ANBR is mapped to a MAC level message named "Recommended bit rate MAC Control Element" sent by the gNB” as defined in TS 26.114.

(2)
RRC layer indicates the command to upper layer (1 or 2 or 3 frames/packet)

(3)
The UE now generates RTCP_APP_REQ_AGG message (1 or 2 or 3frames/packet)

(4)
If RTP bundling is setup successfully end to end or between NTN UE and media gateway, the UE also sends ACK to gNB. This step is for gNB for proper resource allocation.

PDCP layer frame aggregation

As mentioned earlier, the voice packet bundling at MAC layer can also be done but it is multiplexing of two voice PDUs at MAC each including full protocol header. This would be inefficient. The alternate mechanism is to introduce the frame aggregation at PDCP layer as shown in figure 1. When voice packets are aggregated at PDCP layer, only one PDCP header is used for the aggregated voice packets.
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Figure 1 An example of PDCP layer frame aggregation
Following steps can be considered for PDCP layer frame aggregation.

(1) UE reports capability to support the PDCP layer frame aggregation.

(2) If needed, the network configures UE to use PDCP frame aggregation (for example, configuring voice DRB)

a. For example, 2 frames per PDCP PDU.

(3)
two voice packets with ROHC header are concatenated and a PDCP header is added.
(4)
At receiver side, the PDCP packet header is processed. Voice frame can be obtained as the length of packet can be derived from decompressed IP/UDP header length fields.
We have included simulation results to see the coverage gains of frame aggregation in Table 2. Assuming the scenario of NTN-TDL-C Rural (LoS) channel model, Elevation angle of 30 degrees, DMRS bundling, antenna switching, and Target BLER of 2%, the Table 2 shows that the application layer frame aggregation achieves 1.7dB of SNR gain, and PDCP layer frame aggregation achieves 1.1 dB of SNR gain considering the PDCP layer frame aggregation still includes the ROHC overhead for all the aggregated packets. Using both methods, achieving SNR gain of more than 1 dB for the target BLER at the target elevation angle is very important for smart UEs.
Table 2 SNR gain for PDCP and application layer voice frame aggregation. Target BLER 2% and elevation angle 30 degrees. Currently possible minimum protocol overhead of 80 bits (ROHC 3 bytes, SDAP header 0 byte, PDCP 2 bytes, RLC 1 byte, MAC 2 bytes, PHY CRC 2 byte) is considered.
	Codec (kbps)
	Inter tx time (ms)
	Application aggregation

(frames/packet)
	PDCP aggregation (frames/PDU)
	Voice Payload (bits) 
	Protocol overhead (bits)
	TBS 
(bits)
	Repetitions
	SNR 

(dB)

	4.75
	20
	1 
	-
	96
	88

(+SDAP header)
	184
	16
	-5.5 

	4.75
	20
	1 
	-
	96
	80
	176
	16
	-5.7

	4.75
	40
	2 
	-
	192
	80
	272
	32
	-7.2

	4.75
	40
	-
	2 
	192
	120
	312
	32
	-6.6


Therefore, we propose to consider application layer frame aggregation and send LS to SA4 for the frame aggregation trigger mechanism. This will have minimum impact to RAN for configuration of the trigger mechanism.
Proposal 1 For coverage enhancement based on application layer frame aggregation, RAN sends the trigger command for the voice frame aggregation (i.e., 2 voice frames per packet) in NGSO. Send LS to SA4 for alignment work to process the command.
However, it is also worth studying the PDCP layer frame aggregation which can be enabled by the NTN RAN, for example, in case the frame aggregation is not supported by network or service providers. However, further discussion would be needed for the detail to realize the PDCP layer frame aggregations, for example, how RAN controls activation and deactivation of frame aggregation, number of frames to be aggregated, length of SDUs to be aggregated, impact on PDCP discard timer etc.
Proposal 2 For coverage enhancements, study the details on specification change to support PDCP layer frame aggregation.
3. Conclusion

Following proposals are made.
Proposal 1
For coverage enhancement based on application layer frame aggregation, RAN sends the trigger command for the voice frame aggregation (i.e., 2 voice frames per packet) in NGSO. Send LS to SA4 for alignment work to process the command.
Proposal 2
For coverage enhancements, study the details on specification change to support PDCP layer frame aggregation.
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