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1. Introduction
In the previous RAN2 meeting, the following agreements have been made on the ARQ operation in NR:
	- As a baseline, LTE polling mechanism will be used.  
- Concatenation is placed in the MAC layer instead of RLC layer to facilitate parallel processing.

- NR RLC AMD PDU includes a 1-bit D/C field, 1-bit P field


In this contribution, we intend to analyse the impacts of the removal of concatenation on the ARQ operation in NR,
2. ARQ operation in NR
In LTE, polling is sent from the transmitter side of RLC AM to timely obtain the reception status from the receiver side so that the lower edge of the transmit window can be updated and overflow in the buffer can be avoided. Polling request is sent by setting the P-field in the RLC PDU subheader to 1. Hence, in RLC, polling request is sent per logical channel/RLC AM entity. 
However, in NR, concatenation is removed from the RLC layer and each RLC SDU shall have its own subheader. It is also agreed that the P-field should be included in each RLC PDU subheader. Then, issues arise on this agreement: polling is sent per logical channel, while one logical channel corresponds to multiple RLC PDUs and each RLC PDU has one polling bit.

Observation 1: In NR, polling is sent per logical channel, while one logical channel corresponds to multiple RLC PDUs and each RLC PDU has one polling bit.
In the following, we will discuss the polling mechanism from the transmitter side and the status reporting from the receiver side, respectively. 
2.1 Polling on the transmitter side
In LTE, polling is triggered and sent according to the following mechanism.

In NR, due to the removal of concatenation in the RLC layer and the inclusion of the P-field in each RLC PDU subheader, the polling mechanism should be modified. One method for including the polling bit is: when either PDU_WITHOUT_POLL >= pollPDU or BYTE_WITHOUT_POLL >= pollByte is satisfied, set the P-field of the subsequent RLC PDU subheader to 1 and deliver it to the MAC layer. At the same time, reset PDU_WITHOUT_POLL or BYTE_WITHOUT_POLL.
However, leaving the P-fields of all the RLC PDU subheader open for polling requires much processing on the receiver side, since receiver needs to check the P-field of all the RLC PDU subheaders. Hence, another option for the polling request is: deliver all the RLC PDU first to the MAC layer; then, after LCP and (re)-segmentation, RLC sets the P-field of the last RLC PDU to 1. In this way, the receiver only needs to check the P-field of the last RLC PDU for the logical channel, hence saving the processing overhead. 
Based on the above observations, we think NR could consider two possible options for sending the polling request when PDU_WITHOUT_POLL >= pollPDU or BYTE_WITHOUT_POLL >= pollByte is satisfied
a. RLC layer sets the P-field of RLC PDU subsequent to the one triggering the polling to 1;

b. RLC layer sets the P-field of the last RLC PDU subheader to 1 for its corresponding logical channel.
The two options have their own pros and cons: option (a) requires much overhead in the receiver since every P-field needs to be checked. However, the P-field can be pre-generated before LCP and efficiently processed from the transmitter side; while, option (b) requires cross-layer processing: the P-field is set after LCP with the signalling form the MAC layer. Moreover, the P-field’s position does not reflect the authentic RLC PDU that triggers the polling. This will have impacts on the receiver side, which will check the condition for triggering the status report based on the SN of the RLC PDU whose P-field is set to 1. Comparing these two options, we think that the benefits of option (a) are larger than option (b) due to its superiority in parallel processing and authentic representation of the polling’s trigger. Hence, based on the above observations, the following proposal is made:
Proposal 1: When PDU_WITHOUT_POLL >= pollPDU or BYTE_WITHOUT_POLL >= pollByte is satisfied, RLC layer sets the P-field of RLC PDU subsequent to the one triggering the polling to 1

In LTE, t-PollRetransmit timer is set in order to ensure the reliability of the polling. The timer is started according to the following mechanism:
In LTE, all the packets are delivered to the MAC layer only after LCP. While in NR, some of the RLC PDUs can be delivered to the MAC layer before LCP. We think that the mechanism based on which the t-PollRetrasnmit is started in LTE cannot faithfully represent the time the polling request is delivered to the MAC layer. Therefore, in order for the polling to have precise timing,  we think that t-PollRetransmit should be started when the polling is triggered.
Proposal 2: t-PollRetransmit should be started when polling is triggered. 
2.2 Status report on the receiver side

In NR, it is possible that there may be multiple P-fields set to 1 for the RLC PDUs in a logical channel, subject to the design of NR for setting the polling bits in the RLC PDUs in the logical channel. At the receiver side, if multiple pollings are received, the t-StatusProhibit timer in LTE will take care of the problem of repeated status report transmission due to multiple P-fields set to 1 for a logical channel. Hence, we make the following proposal.
Proposal 3: t-StatusProhibit in LTE can be reused to avoid repeated transmission of status report due to multiple P-fields set to 1 for one logical channel. 
2.3 A new Polling Control PDU for polling in NR

Observing the above schemes, we also think that too much modification needs to be done for the polling mechanism with the P-field included in each RLC PDU header and the solution is neither simple nor elegant. The fundamental reason is that, polling is designed for the request of the logical channel instead of for RLC PDU. Therefore, it is also not really reasonable to set a P-field in the subheader of all the RLC PDUs in a logical channel. 

In LTE, only one kind of RLC control PDU is defined, which is the RLC status report PDU. Status report control PDU corresponds to CPT=000 and other values of the CPT-field are un-used. We think that one elegant and concise way to send the polling in NR is to add a new type of RLC control PDU that can be called Polling Control PDU. When the condition for triggering the polling is satisfied, polling control PDU can be included after the RLC data PDU that triggers the polling. In this way, the receiver does not need to check the P-field of every RLC SDU subheader as in option (a).  There is also no issue with pre-generation of the subheader and cross-layer as in option (b). Hence, based on the above analysis, we make the following proposal:
Proposal 4: NR should also consider polling control PDU as an option for sending the polling request.
3. Conclusion
In this contribution, we analysed the ARQ operation in NR under the new setups. The following observations are made:
Observation 1: In NR, polling is sent per logical channel, while one logical channel corresponds to multiple RLC PDUs and each RLC PDU has one polling bit.
Based on the above observations, the following proposals have been made:
Proposal 1: When PDU_WITHOUT_POLL >= pollPDU or BYTE_WITHOUT_POLL >= pollByte is satisfied, RLC layer sets the P-field of RLC PDU subsequent to the one triggering the polling to 1

Proposal 2: t-PollRetransmit should be started when polling is triggered. 
Proposal 3: t-StatusProhibit in LTE can be reused to avoid repeated transmission of status report due to multiple P-fields set to 1 for one logical channel. 
Proposal 4: NR should also consider polling control PDU as an option for sending the polling request.
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In LTE, the triggering mechanism includes:


PDU_WITHOUT_POLL >= pollPDU


BYTE_WITHOUT_POLL >= pollByte


t-PollRetransmit; expires


Subsequently, to include a poll in a RLC data PDU, the transmitting side of an AM RLC entity shall:


-	set the P field of the RLC data PDU to "1";


-	set PDU_WITHOUT_POLL to 0, except for NB-IoT;


-	set BYTE_WITHOUT_POLL to 0, except for NB-IoT;





After delivering a RLC data PDU including a poll to lower layer and after incrementing of VT(S) if necessary, the transmitting side of an AM RLC entity shall:


-	set POLL_SN to VT(S) – 1;


-	if t-PollRetransmit is not running:


-	start t-PollRetransmit;


-	else:


-	restart t-PollRetransmit;
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