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1
Introduction 
In the last RAN2 meeting, contention based access on PUSCH (CB UL Tx) was considered within the scope of the latency reduction WI[1]. CB UL Tx failure is caused by collisions at the eNB due to data packets colliding or decoding error even without collisions. The UE should have means to know whether a CB UL Tx is successful or not in order for further operations, e.g. for duly retransmission by MAC or RLC. This contribution mainly discusses the contention resolution mechanisms and potential HARQ retransmission support for CB UL Tx.
2
Discussion
2.1
Contention resolution
Contention resolution procedure for CB UL Tx can be comparable with that for the contention based RACH procedure.  In the msg3 of CB UL Tx (the right part in figure 1), C-RNTI is carried as the contention resolution ID. If the contention resolution message, i.e. msg4 containing the same C-RNTI as which has been sent in msg3 arrives at the UE within a known time limit, the CB UL Tx can be considered as successful, otherwise retransmission may be needed. The duration between msg3 and msg4 can be a fixed timing offset or a configured timer. The configured timer is comparable to contention resolution timer for RACH procedure. 
Msg4 can be a PDCCH transmission addressed to the C-RNTI of a successful UE, it may contain UL grant for new transmission. Msg4 can also be a PDCCH transmission containing DL assignment addressed to the temporary CB-RNTI or CB-RNTI, and MAC PDU on PDSCH containing the C-RNTI of a successful UE. Temporary CB-RNTI can be calculated by the timing of msg3 transmission, like the calculation of RA-RNTI for msg2 of the RACH procedure. The temporary CB-RNTI can also be assigned in CB grant signalling, while this approach needs new PDCCH format or redefinition of existing PDCCH format. The purpose of temporary CB-RNTI usage is to limit the contention resolution within a group of UEs who have performed msg3 transmission. From above comparisons, it can be seen that most existing mechanisms for RACH procedure can be reused.
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Figure 1: Comparison of the contention resolution for contention based RACH and CB UL Tx
The content of messages in CB UL Tx is summarized in Table 1.
Table 1
	messages
	content
	signalling
	description

	CB UL grant
	CB-RNTI, CB grant, [temporary CB-RNTI]
	PDCCH
	PDCCH containing CB grant addressed to CB-RNTI. If temporary CB-RNTI is also assigned, new PDCCH format or redefinition of existing PDCCH format is needed.

	Msg3
	C-RNTI, [BSR], [other MAC CEs], [MAC SDUs]
	PUSCH
	Contention based access on PUSCH.

	Msg4
	Approach 1: C-RNTI, [UL grant for new transmission]
	PDCCH
	PDCCH transmission addressed to C-RNTI of a successful UE. May contain UL grant for new transmission.

	
	Approach 2: temporary CB-RNTI or CB-RNTI, DL assignment on PDCCH;

C-RNTI, [UL grant for new transmission], [MAC SDUs] on PDSCH 
	PDCCH, PDSCH
	PDCCH transmission containing DL assignment addressed to temporary CB-RNTI or CB-RNTI; (temporary CB-RNTI can be calculated by msg3 timing or assigned in CB grant signalling).
MAC PDU on PDSCH containing C-RNTI of a successful UE, UL grant for new transmission may be contained in the MAC PDU. 


NOTE: “[]” represents the corresponding content is optional.
For msg4 transmission, approach 1 is less complex and the latency is low for the successful UE to be aware of its success. For losing UEs, latency may be a bit high since they will only recognize they have failed contention until the contention resolution timer expires. The benefit of approach 2 is that losing UEs may be able to trigger retransmission earlier since they can be aware of their failure of contention earlier by not having found their C-RNTIs in the MAC PDU. The risk is that the decoding of MAC PDU may fail and further latency may still be introduced due to msg4 HARQ retransmissions. Both approaches would introduce additional PDCCH overhead. For the 2 approaches, we slightly prefer approach 1.

UEs who have performed msg3 transmission may receive ACK or NACK on PHICH according to whether CB UL data has been successfully decoded by the eNB. If ACK has been received, the UEs will further depend on msg4 to determine whether CB UL Tx has eventually succeeded. If NACK has been received, the UEs may trigger subsequent retransmissions. The eNB can also just send ACK on PHICH to UEs regardless of whether the CB UL data has been successfully decoded or not, and UEs will wait for PDCCH transmission for contention resolution or adaptive HARQ retransmission.
Proposal 1: Contention resolution for CB UL Tx is based on C-RNTI on either PDCCH or DL-SCH.
2.2
Retransmission handling

For UEs who lose contention, further operations e.g. retransmission may be needed. It is still under discussion whether HARQ retransmission for msg3 should be supported. The main concerns are additional collisions, interferences and latency which may degrade system performance significantly. In [7], the following retransmission mechanisms have been analyzed: 
Option 1: RLC retransmission, no retransmission support in MAC. Local NACK based on PHICH feedback can be utilized to reduce latency.  Random backoff time is applied before issuing local NACK to reduce further collisions.
Option 2: Timer triggered MAC retransmission based on dedicated MAC acknowledgement rather than on PHICH feedback. MAC acknowledgement is issued by PDCCH transmission addressed to C-RNTI.
Option 3: Adaptive HARQ retransmission in case there is no collision. How does the eNB detect whether a failed CB UL Tx is not caused by collision and how does the eNB know which UEs have performed the failed CB UL Tx are FFS. 
In [3], a simple retransmission scheme is assumed; here we call it as option 4.
Option 4: HARQ retransmission of the same RV as initial transmission according to another new CB grant based on PHICH feedback. (Actually it should be considered as a new transmission).
Refer to figure 1 in section 2.1, for contention resolution approach 1 before contention has been resolved; UEs who receive PHICH ACK will not perform retransmission unless adaptive HARQ retransmission grant is received. Even if the eNB may not be able to know which UEs have performed CB UL Tx, it can issue adaptive HARQ retransmission grant addressed to a temporary CB-RNTI and all UEs who successfully match the temporary CB-RNTI can follow. If PHICH NACK is received, a UE may issue non-adaptive HARQ retransmission or wait for eNB issued adaptive HARQ retransmission grant. So it seems there is no big difference from msg3 retransmission mechanism for RACH procedure. 
However, HARQ retransmissions before contention resolution may cause additional collisions and the gain is not clear, also considering different latency requirements between CB UL Tx and RACH procedure, it is simpler not to support HARQ retransmission before contention resolution. HARQ retransmission for losing UEs after contention resolution can be considered. The duration between CB UL Tx and contention resolution could be defined or configured reasonably low to reduce latency, so option 2 seems feasible. It is more reliable and its impact on latency can be fairly low. The HARQ retransmissions can be normal non-adaptive or adaptive ones. Or the losing UEs perform new transmission according to new CB grants (option 4).
Proposal 2: HARQ retransmissions only apply to losing UEs after contention resolution. 
For detail HARQ retransmission mechanism, option 2 can be considered. Similar analyzing can be applied to approach 2 mentioned in section 2.1. 
2.3
Collision reduction

To improve the successful probability of the contention resolution, collisions should be reduced. Means to reduce collisions can be classified mainly into two aspects:
Approach 1: Multiple CB grants per subframe identified by one or more CB-RNTIs [2, 4];

If multiple CB-RNTIs are used, PDCCH overhead will be increased for CB grants and MAC acknowledgement [7] (if used). UE grouping principles to select from multiple CB-RNTIs may also need to be specified, which may introduce additional complexity. Including multiple MAC acknowledgements in one MAC CE can reduce PDCCH overhead for MAC acknowledgement to some extent [5]. One CB-RNTI corresponding to multiple CB grants [2, 4] to save PDCCH and number of blind decodings seems an attractive solution. If physical layer mechanisms can support such kind of non-contiguous resource allocation, and UEs can choose from different resource regions corresponding to one CB-RNTI and avoid collision, there seems no adequate reason not to consider this solution. This solution may need new PDCCH format and the details are FFS.
Proposal 3: Consider multiple CB grants allocated by one CB-RNTI.
Approach 2: Restrict scenarios for CB UL Tx [2, 3, 4, 6]; 

Following mechanisms have been considered by company contributions:

M1: eNB control the allocation of CB resources considering possible collisions due to load conditions [2].
M2: Only UEs who do not have contention free UL grant should be allowed to transmit on CB grant [2]. 
M3: CB access should only be allowed for UEs having pending SR [4].

M4: RLC TM/UM data should not be transmitted by CB grant [4, 6].
M5: Some high QoS or time restricted services should be forbidden from using CB grant [6].

Though the above mechanisms may have some benefits for certain cases, whether they need to be specified is questionable. M1 and M2 can be applied as eNB or UE implementation. M3 seems not critical since the UE may obtain contention free grant very soon, and UEs without pending SR may have urgent UL data to send. To transmit RLC TM/UM data with CB grant does not necessarily mean additional retransmission mechanisms need to be introduced for RLC TM/UM, so M4 seems not essential. For M5, which services are not appropriate for CB grant are still not clear. 
Proposal 4: Whether to restrict CB UL Tx for some scenarios can be considered as implementation issue or FFS.
Further, reliability of CB UL Tx should be considered to improve successful probability of contention resolution, e.g. by utilizing more reliable MCS for CB grants.
3
Conclusion 
This contribution addresses contention resolution and potential HARQ retransmission support issues for CB UL Tx, following proposals are made:
Proposal 1: Contention resolution for CB UL Tx is based on C-RNTI on either PDCCH or DL-SCH.

Proposal 2: HARQ retransmissions only apply to losing UEs after contention resolution.

Proposal 3: Consider multiple CB grants allocated by one CB-RNTI.
Proposal 4: Whether to restrict CB UL Tx for some scenarios can be considered as implementation issue or FFS.
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