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Introduction

According to work plan for NRIIOT , from the object for UL/DL intra-UE prioritization/multiplexing in WID:

------------------------------------------- Object from WID --------------------------------------------------------------

UL/DL intra-UE prioritization/multiplexing, i.e. prioritization (for example dropping, delaying or puncturing lower priority service) between different categories of traffic in the UE, including both data and control channels and considering (RAN2/RAN1):

different latency and reliability requirements

Different types of resource allocation for example grant-free and grant-based allocations

Note: RAN2 to start the work, RAN1 to take action based on RAN2 progress.
------------------------------------------- Object from WID --------------------------------------------------------------

The UL/DL intra-UE prioritization/multiplexing  is taken into account to improve the performance of URLLC transmission.The target of this contribution is to share our views on several issues of  UL/DL intra-UE prioritization.                                                            
Discussions
Intra-UE prioritization for DL transmission

For the collision with the on-going data transmission or scheduled grant, the following cases can be considered:

Case 1: The collision between scheduled eMBB DL transmission and URLLC DL transmission
Case 2: The collision between SPS DL assignment and scheduled  DL transmission
For case1, according to the current specification, PHY layer has already supported the DL transmission pre-emption, with which, the DL transmission of UE with lower priority can be punctured by the other UE with higher priority DL transmission.  However, for the intra-UE case, it is still not clear how to process the intra-UE pre-emption in PHY layer. 

Thus  from MAC’s point of view, the UE can still treat the two assignments independently and prepare to receive the MAC PDU from lower layers. With the two grant information, the pre-emption can be made in physical layer and transparent to MAC. 

From above analysis, we have the following proposal:

Proposal 1:  For the collision between scheduled eMBB DL transmission and scheduled URLLC DL transmission , the pre-emption procedure in PHY layer should be transparent to MAC, and  the MAC entity on UE side can  treat the two assignments independently.
For case 2, considering there are some kinds of periodic deterministic communication supported in NRIIOT, which is quite suitable for the SPS, a few of them is served as URLLC, thus we can split case2 into followed sub-cases and discuss separately:

Sub-case 1: The collision between URLLC SPS assignment and URLLC scheduling transmission

Sub-case 2: The collision between eMBB SPS assignment and URLLC scheduling transmission

Sub-case 3: The collision between URLLC SPS assignment and eMBB scheduling transmission

Sub-case 4: The collision between eMBB SPS assignment and eMBB scheduling transmission

For sub-case 4, we already agreed that the dynamic assignments can always override the configured assignment. For sub-case 1 and sub-case 2,  since the scheduling transmission have the same or higher priority than the SPS assignments, we also can treat them as sub-case 4. For sub-case 3, since the dynamic DL assignment can be scheduled  by gNB’s intention and the eMBB data has a considerable delay tolerance, it can be up to gNB implementation to avoid such collision.

From above analysis, we think the current mechanism for collision between configured assignment and scheduled DL transmission can be reused in this case. Thus we propose that:

Proposal 2: For the collision between SPS and scheduled  DL transmission, we stick to the agreement that the dynamic scheduled  grant can overwrite the configured DL grant, and no optimization is needed for this case. 
Intra-UE prioritization for UL transmission

In the current spec, to save the latency for URLLC services, the LCH with different “LCP mapping restriction” can trigger SR even in case the new transmission is foreseen. And once the SR is received by NW, the NW will schedule the URLLC transmission immediately. However, since the timing for SR reception is not predicable, there may be existing UL grant which has already been sent to UE, and UL pre-emption is needed in such case to ensure the URLLC transmission.

For intra-UE pre-emption, the following scenarios should be taken into account:

Scenario 1: The collision between scheduled URLLC transmission and on-going scheduled UL eMBB transmission

Scenario 2: The collision between configured grant URLLC transmission and on-going scheduled UL eMBB transmission

Scenario 3: The collision of HARQ process between the grant free (including both type 1 and type 2) URLLC transmission and on-going scheduled UL eMBB transmission

Scenario 4: The collision between SR transmission for URLLC and on-going eMBB transmission.

Collision between scheduled transmission

For scenario1, different from DL transmission, MAC entity should generate MAC PDU while receiving UL grant Since the  UL grant reception is not predictable,  if the later UL grant is received  after the LCP procedure for the earlier UL grant is done,  UE will generate  TWO MAC PDU in this case. To deal with collision between scheduled transmission regardless of the reception time of the later UL grant, we suggest the MAC should always treat the two grants independently and generate 2 MAC PDU separately. With the two grants, the physical layer can process the pre-emption, and the HARQ mechanism can be used to ensure the retransmission of the MAC PDU, for which the grant has been canceled in some cases (e.g Power limitation)

Proposal 3: For the case that the collision between scheduled URLLC transmission and scheduled on-going UL eMBB transmission, the MAC entity can treat the two grant independently and generate 2 MAC PDU separately. The pre-emption or power backoff operation processed in physical layer should be transparent to the MAC entity.

Collision between scheduled transmission and configured transmission

For scenario 2, we have the following cases:

Case 1: The collision between configured grant type 1 transmission for URLLC and scheduled transmission for eMBB.

Case 2: The collision between configured grant type 2 transmission for URLLC and scheduled transmission for eMBB

Case 1 is one of the main issue we need to addressed in intra-UE prioritization. Based on the online discussion for grant free type 1, the grant free type 1 may be configured for the URLLC transmission. Once the UE have UL URLLC date available in the buffer, the UE can initiate the configured grant transmission, and the LCP restriction will be used to restrict that only the grant free type 1 can only be used for the URLLC services. Since the NW have no idea about the buffer status for URLLC services, it will be difficult for the NW to avoid the collision between grant free URLLC transmission and scheduled UL eMBB transmission.

In the current spec, it is clearly specified the scheduled grant will overwrite the configured grant, including both the configured grant type 1 and type2. However, in Rel-16, in order to ensure the URLLC services, we think it make sense to have some optimization on this aspect to high prioritize the configured grant type 1 in case the URLLC services will be transmitted through the configured type 1.

Proposal 4: In Rel-16, in order to ensure the URLLC services, some optimization can be considered to high prioritize the configured grant type 1, compared to the scheduled grant, in case the URLLC data will be transmitted through the configured type 1.

To achieve this, from MAC’s point of view, it is up to LCP procedure to determine whether MAC PDU will be generated for the grant free type 1 transmission based on the buffer status of URLLC service. Once the MAC PDU is generated, the similar pre-emption operation mentioned in case 1 can be reused here as well, and we will rely on HARQ to ensure the retransmission of the eMBB MAC PDU.

Proposal 5: For collision between grant free type 1 URLLC transmission and on-going scheduled UL eMBB transmission, it is up to LCP function to determine whether the MAC PDU will be generated for the grant free type 1 transmission. Once the MAC PDU is generated, the similar pre-emption operation can be processed by physical layer, which is transparent to MAC.

For case 2, unlike configured grant type 1, the configured grant type 2 is activated/deactivated by gNB’s intention, and the configured type 2 is quite suitable for the periodic deterministic communication for URLLC in NRIIOT, which can be predictable for gNB. Thus it can be up to NW implementation to avoid such collision, thus for case 2, we propose that:

Proposal 6: For collision between grant free type 2 transmission and on-going scheduled UL transmission, we stick to the agreement that the dynamic scheduled grant can overwrite the grant free type 2 transmission, and no optimization is needed for this case.

The collision of HARQ process

The issue is mainly caused by the configuredGrantTimer, the configuredGrantTimer should be maintained per HARQ process and will be started/restarted whenever a scheduled grant is received for this HARQ process. With the configuredGrantTimer, the configured grant transmission with the same HARQ process will be prevented if the corresponding configuredGrantTimer is running. Basically, the usage of configuredGrantTimer is designed based on the assumption that the dynamic scheduling has higher priority than the configured grant. However, based on the analysis above, it seems the configured grant transmission for URLLC should have higher priority than normal dynamic scheduling, and the issue to be discussed is that: Whether the configured grant transmission for URLLC should be allowed in case the configuredGrantTimer is running.

Observation 1: The configured transmission for URLLC with dedicated HARQ process ID may be prevented by the corresponding running configuredGrantTimer for eMBB transmission. 

To deal with this issue,  a direct method is that gNB use the dynamic URLLC grant with a different HARQ process ID instead of the blocked configured grant, which is applicable for configured grant type 2 since  type 2 transmission is predictable for gNB. However, for configured grant type 1, the gNB have no idea whether there is any data in the LCH for configured grant or not, thus this method will cause the unnecessary resource waste.

To ensure the QoS requirement for URLLC, if the configured grant type 1 transmission for URLLC is allowed in such case, then the eMBB MAC PDU buffered in HARQ will be flushed. And flushing the HARQ process for one eMBB transmission will lead to more serious issue, since the HARQ can not be used to ensure the retransmission of the discard MAC PDU and all the MAC CE carried in the MAC PDU will be lost.

Observation 2: Flushing the HARQ process for one eMBB transmission will lead to more serious issue, since the HARQ can not be used to ensure the retransmission of the discard MAC PDU and all the MAC CE carried in the MAC PDU will be lost (e.g PHR, BSR..).

From above observations , we can see the issue of collision of HARQ process is necessary to be discussed, thus we propose that:

Proposal 7:  The collision of HARQ process should be studied and the lost of MAC CE should be taken into account.
Conclusion 

Based on all the analysis above, we give our proposals as:

Proposal 1:  For the collision between scheduled eMBB DL transmission and scheduled URLLC DL transmission , the pre-emption procedure in PHY layer should be transparent to MAC, and  the MAC entity on UE side can  treat the two assignments independently.
Proposal 2: For the collision between SPS and scheduled  DL transmission, we stick to the agreement that the dynamic scheduled  grant can overwrite the configured DL grant, and no optimization is needed for this case. 
Proposal 3: For the case that the collision between scheduled URLLC transmission and scheduled on-going UL eMBB transmission, the MAC entity can treat the two grant independently and generate 2 MAC PDU separately. The pre-emption or power backoff operation processed in physical layer should be transparent to the MAC entity.

Proposal 4: In Rel-16, in order to ensure the URLLC services, some optimization can be considered to high prioritize the configured grant type 1, compared to the scheduled grant, in case the URLLC data will be transmitted through the configured type 1.

Proposal 5: For collision between grant free type 1 URLLC transmission and on-going scheduled UL eMBB transmission, it is up to LCP function to determine whether the MAC PDU will be generated for the grant free type 1 transmission. Once the MAC PDU is generated, the similar pre-emption operation can be processed by physical layer, which is transparent to MAC.

Proposal 6: For collision between grant free type 2 transmission and on-going scheduled UL transmission, we stick to the agreement that the dynamic scheduled grant can overwrite the grant free type 2 transmission, and no optimization is needed for this case.

Observation 1: The configured transmission for URLLC with dedicated HARQ process ID may be prevented by the corresponding running configuredGrantTimer for eMBB transmission. 

Observation 2: Flushing the HARQ process for one eMBB transmission will lead to more serious issue, since the HARQ can not be used to ensure the retransmission of the discard MAC PDU and all the MAC CE carried in the MAC PDU will be lost (e.g PHR, BSR..).

Proposal 7:  The collision of HARQ process should be studied and the lost of MAC CE should be taken into account.
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