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1 Introduction
The following agreements have been achieved for configured grants for NR-U in RAN2 [1]:
	
RAN2#108:
1. The multiple configured grants of a BWP can be explicitly configured to share a common pool of HARQ processes.    If HARQ processes are shared the same CG timer value has to be configured.  
2. The processes with TB pending for retransmission shall be prioritized over the processes for new transmissions as already agreed for single CG case.
3. Retransmissions can be done on different CG resources as long as they are with the same TBS with the same HARQ process 
4. cg-RetransmissionTimer is always configured for NR-U
5. For a HARQ process, the associated CGT timer is only started when the TB using this HARQ process is initially transmitted, and set to the timer value according to the CG configuration used.
6. The cg-RetransmissionTimer for the HARQ process is started and restarted for every transmission attempt of the TB when LBT succeeds, using the timer value according to the CG configuration which is used for the transmission.



Additionally, the following agreements were reached for IIoT [1] [2]:
	RAN2#107b:
A single LCH can be map to multiple CG configurations.
Multiple LCHs can be map to a single CG configuration.
RAN2#108:
In addition to specific CG-LCH mapping It should be possible to configure that all CGs are allowed, and none of the CGs are allowed 



In this contribution, we highlight a potential issue with the above agreements, particularly regarding the retransmissions of a TB using different CG resources than the initial transmission in RAN2#108, and propose a way forward.
2 Discussion
In Rel-15, multiple configured grant (CG) configurations can be active simultaneously only on different serving cells [3]. With the IIoT work item in Rel-16, this restriction has been lifted, making it possible to have multiple active CGs in one serving cell.
Additionally, restrictions for logical channels (LCHs) to transmit using CGs have been introduced. One-to-many and many-to-one mappings between LCHs and CGs are possible. A LCH can also be mapped to no CG (not allowed to transmit on any CG), as well as to all CGs (allowed to transmit on any CG).
The main reason for introducing the LCH to CG mapping was to match the QoS of the LCH with the CG configuration. A particular CG can be designed to serve data with certain QoS characteristics. As each LCH also has its own QoS requirements, the mapping ensures that only the CG(s) that satisfy the QoS requirements are used to transfer the data from the LCH. If a particular CG configuration cannot satisfy the QoS requirements of a LCH, that LCH should not be permitted to transmit using that CG configuration.
In the running IIoT MAC CR [4], the LCH-CG mapping has been implemented by defining a new allowedCG-List parameter for each logical channel. During the logical channel prioritisation, a logical channel is selected to transmit using a configured UL grant only if the allowedCG-List includes the configured grant index associated to the UL grant.
Observation 1: With the IIoT work item, multiple active configured grants in one serving cell have been allowed, and new LCP restrictions on LCHs for transmitting data using CG configurations (allowed CG list per LCH) have been introduced.
According to the agreement in NR-U highlighted above, retransmissions of TBs between different CG configurations are permitted if the TB size and the HARQ process matches the original transmission.
However, this agreement does not take into account the LCP restrictions for LCHs. If the TB contains data from a LCH with different LCP restrictions for the CG that is used for the initial transmission and the CG that is used for the retransmission, the UE may attempt to transmit the data from a LCH on a CG that it is not allowed.
This principle applies to the new LCP restriction “allowedCG-List“ introduced in Rel-16 IIoT, as well as the existing Rel-15 LCP restrictions “maxPUSCH-Duration” and “configuredGrantType1Allowed”.
For example, consider the following scenario:
1. There are two CG configurations: CG1 and CG2, and two LCHs: LCH1 and LCH2.
2. The allowed CG list for LCH1 contains only CG1 and the allowed CG list for LCH2 contains only CG2.
3. CG1 and CG2 have the same TBS and share the same HARQ process pool.
4. A TB with only LCH1 data is initially transmitted on CG1.
5. No DL feedback is received for the HARQ process that is used to transmit the TB and the CG retransmission timer expires. 
6. According to the latest NR-U agreement, the TB can be retransmitted on CG2, because TBS is the same and the same HARQ process can be used.
7. But according to the LCH restrictions, LCH1 actually should not be allowed to transmit on CG2. This can be a problem if the configuration for CG2 cannot satisfy the QoS requirements of LCH1.
Observation 2: With the existing RAN2 agreements, there is a possibility that the data of a LCH that is not allowed to transmit using a CG configuration can be retransmitted on that CG, compromising the QoS requirements for the LCH.
In order to ensure that LCH restrictions are not violated by CG retransmissions, a number of solutions can be considered:
Option 1: When multiple CG configurations share the same TBS and the HARQ processes pool, they will be subject to the same LCH restrictions (if the first CG’s index is present in an allowed CG list for a LCH, the second CG’s index shall also be present). Additionally, they will share the same PUSCH duration. The UE should still check that CG Type 1 allowed is set true for all LCHs with data in the TB, if the second CG is Type 1. Alternatively, CG Type 1 and Type 2 could never be allowed to share the HARQ process pool, or retransmissions from CG Type 1 to CG Type 2 could be always disallowed.
Option 2: When retransmitting a TB on a different CG than the original transmission, the UE checks the LCH restrictions and makes sure that the TB does not include any data from any LCHs that are not allowed to transmit using the second (retransmitting) CG. If the TB data includes data from a LCH that is not allowed to be transmitted on the retransmitting CG, the TB is not retransmitted using that CG.
Option 3: When retransmitting a TB on a different CG than the original transmission, the UE checks the LCH restrictions of the two CGs (for all LCHs) and only retransmits if the CGs share the same LCH restrictions (whenever a LCH is allowed/disallowed for one CG, it is allowed/disallowed for the other CG as well). The UE should still check that CG Type 1 allowed is set true for all LCHs with data in the TB, if the second CG is Type 1. Alternatively, CG Type 1 and Type 2 could never be allowed to share the HARQ process pool, or retransmissions from CG Type 1 to CG Type 2 could be always disallowed.
Option 4: A new grouping scheme for CG configurations is introduced, e.g. a CG group index, which can be set by RRC signalling. A TB is retransmitted across different CGs only if they share the same CG group index.
Option 1 could have the least spec impact, however it drastically reduces the flexibility for the network configuration.
Option 2 is the most flexible option for the network configuration, but has impact on UE complexity.
Option 3 is a compromise between complexity and flexibility. The complexity can be further reduced by not allowing CG Type 1 to CG Type 2 transition.
Option 4 is the easiest one to implement, however requires some specification effort, and also has impact on the network complexity.
We think that even though Option 2 has an impact on the UE complexity, it is relatively straight forward to implement. The UE should have the visibility of which LCHs were multiplexed in the original TB, and the LCP restrictions can be carried out for retransmissions as well as the initial transmissions. Therefore Option 2 can be adopted by RAN2.
Proposal 1: When retransmitting a TB on a different CG configuration than the original transmission, the UE checks that the LCH restrictions specified in 38.321 5.4.3.1 are not violated for the TB. If the TB includes data from a LCH that is not allowed to be transmitted on the second (retransmitting) CG, the TB is not retransmitted on that CG.
We include a TP below to demonstrate how this can be implemented in the MAC specification (based on the latest version of the running CR for NR-U [5]).
Proposal 2: RAN2 to adopt the test proposal for 38.321 below.
3 Conclusion
We have the following observations and the proposal regarding retransmission of TBs across different CGs:
Observation 1: With the IIoT work item, multiple active configured grants in one serving cell have been allowed, and new LCP restrictions on LCHs for transmitting data using CG configurations (allowed CG list per LCH) have been introduced.
Observation 2: With the existing RAN2 agreements, there is a possibility that the data of a LCH that is not allowed to transmit using a CG configuration can be retransmitted on that CG, compromising the QoS requirements for the LCH.
Proposal 1: When retransmitting a TB on a different CG configuration than the original transmission, the UE checks that the LCH restrictions specified in 38.321 5.4.3.1 are not violated for the TB. If the TB includes data from a LCH that is not allowed to be transmitted on the second (retransmitting) CG, the TB is not retransmitted on that CG.
Proposal 2: RAN2 to adopt the test proposal for 38.321 below.

4 Text Proposal for 38.321
[bookmark: _Toc20428292]5.4.2.2	HARQ process
Each HARQ process is associated with a HARQ buffer.
New transmissions are performed on the resource and with the MCS indicated on either PDCCH, Random Access Response, or RRC. Retransmissions are performed on the resource and, if provided, with the MCS indicated on PDCCH, or on the same resource and with the same MCS as was used for last made transmission attempt within a bundle, or on stored configured uplink grant resources and stored MCS when cg-RetransmissionTimer is configured. Retransmissions with the same HARQ process may be performed on any configured grant configuration if the configured grant configurations have the same TBS as long as the LCP mapping restrictions are met (see clause 5.4.3.1).
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