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1. Introduction
[bookmark: _Toc436619014][bookmark: _Toc436619251][bookmark: _Toc451844181][bookmark: _Toc466346620][bookmark: _Toc466348853][bookmark: _Toc466352963][bookmark: _Toc472222530]In RAN1 meeting #94b, it has been agreed that further study for MA signature/resource allocation problem is needed when a UE is configured to randomly select MA signature/resource with one or more set(s), as specified in the agreement below [1]: 
Agreements:
· Study further the case when a UE is configured with one or more set(s) of MA signature/resource 
· FFS principle for MA signature/resource configuration/selection among MA signature/resource belonging to same/different set(s).
· e.g. different MA signatures/resources may be considered for different TBSs/MCSs/retransmissions/UE grouping/measurements, etc.
· FFS signaling 
· FFS how to handle the collision of MA signature/resource
· FFS the mapping between RS and other MA signatures

In this contribution, we discuss some of the effects related to DM-RS and MA collision caused by UE initiated random selection of RS and MA signature/resource in grant-free mode transmission, and suggest a method to avoid/mitigate the related collision.  In addition, we briefly discuss some merits of mapping rules between RS and other MA signatures, while assuming that orthogonal RS are already allocated to UEs.
2. Handling collision and discussion on mapping rule between RS and MA signatures
2.1. Key resolution to handle collision: orthogonal resource allocation to DM-RS
In the past several meetings, it has been widely discussed that grant-free transmission based on random selection of a MA signature from a resource pool is considered as an operating theme for NOMA systems.  When a non-exclusive resource pool is assigned to the UEs, they are expected to choose a random MA signature/resource and RS by its own, and it is definitely possible that collision can happen due to one or more common selection of MA/RS resource among UEs.  When collision of DM-RS does not happen but instead MA signature does, it has been shown from many previous NOMA contributions that the collision of MA signatures is likely to be handled/separated well by UE-specific data scrambling and generally uncorrelated uplink fading channel among UEs.  This type of collision affects performance for some type of NOMA schemes, and it may only cause a slight link performance degradation, but it can be considered as an optimization problem, rather than a critical one. However, much more serious problem lies in the case when DM-RS collision happens.  
The effect of DM-RS collision is not only related to performance issue but also essential UE activity detection and identification for successful NOMA signal decoding, which may significantly degrade the overall network capacity.  In [2][4][10][11][18], quite a few companies proposed using RS as a primary method to identify UE activity detection for random MA selection based grant-free transmission.  Therefore, if DM-RS collision happens, it becomes difficult for gNB to detect the presence of UE transmit signal from the received signal vector.  The probability of correctly detecting UE activity is particularly crucial factor for obtaining optimal performance for vector ML based NOMA receivers (e.g. MPA and MU-MIMO).  In addition, when RS collision happens, in fact, it is still difficult to decide from gNB side that whether or not UE activity missed detection is caused by the DM-RS collision or lack of SINR or no transmission activity from UE side.  This leads confusion to the transmitting side of UE that whether or not simply lowering the MCS and lowering the channel coding rate is effective (or instead fixing the MCS and changing the MA signature/resource and RS is the effective solution).  Therefore, the best way to resolve the collision issue is avoiding DM-RS collision, and orthogonal DM-RS design should be the basis for identifying UE activity in grant-free mode.  
Observation 1: A key to identify/detect UE activity is allocating orthogonal DM-RS resource for preventing collision. DM-RS MA signature collision is likely to be handled/separated well by UE-specific data scrambling and generally uncorrelated uplink fading channel among UEs
2.2. Effect on DM-RS collision with known UE detection
[bookmark: _GoBack]In this subsection, we discuss the effects on general performance issues with perfectly known UE detection.  When two UEs select the same DM-RS port, DM-RS collision happens.  This effect not only leads to severely degraded BLER performance of the collided UEs at the eNB, but also degraded decoding performance for other users signal detection due to imperfect cancellation of other UE’s overlapped signal from the initial observed signal, which is unresolvable/unknown interference.  When either of DM-RS collided (via composite channel estimation) UE’s signal is somehow managed to be successfully decoded, the receiver might assume the decoded UE’s estimated composite channel frequency response is correct.  Thus, this receiver processing assumption/behavior has some link to generating unwanted interference to the received overlapped signal.  Below figure 1 is a simple LLS result to observe the effect of DM-RS collision.  A low per UE SE usually delivers good performance, but it can be observed from the simulation that composite channel estimation by a single DM-RS collision brings a drastically degraded overall BLER performance.
[image: ] [image: ]
(a) R=1/3, per UE SE: 1/9, 18 users                                           (b) R=1/3, per UE SE: 1/9, 12 users
Figure 1 A scenario when 2 user’s DM-RS out of 18 or 12 users are collided
As shown in figure 1, a 2-user DM-RS collision case is simulated and compared with no DM-RS collision case.  Figure 1 (a) corresponds to 2 user DM-RS sequence collision case out of 18 users, while figure 1 (b) shows a case when 2 user DM-RS sequence collision out of 12 users.  The BLER difference between (a) and (b) for single user case comes from transmit power difference of each user, where the former transmit 1/18 of the normalized power per user and the latter lets each user transmit 1/12 of the normalized power.  
As can be seen in both cases, DM-RS collision leads to significant BLER performance degradation.  Thus, it is best to avoid DM-RS collision if possible.  When 2-symbol DM-RS per slot is configured, a UE can choose one out of 12 orthogonal ports.  The problem is that even if the configuration for number of multiplexed UEs are lower than the number of available ports, there is still a possibility that at least two UEs chooses the same DM-RS port.  Therefore, it can be easily predicted that if more UEs are multiplexed, the higher the chance that DM-RS collision can happen. 
Observation 2: A significant impact on overall BLER performance not only for the DM-RS collided users but also other link level performance of non-collided DM-RS UEs is observed. The lower the number of multiplexed UEs, the greater the negative impact to overall BLER performance can be expected.

2.3. Necessity of having a mapping relationship between RS and MA signatures
One of the issues of MA/resource allocation problem is figuring out the necessity of mapping between RS and MA signatures.  For grant-based transmission case, allocation of DM-RS and MA signature can be executed via explicit and/or implicit DCI signaling.  For grant-free mode, we think there are roughly two cases where mapping rule between the DM-RS and MA signature becomes useful or not.  The first would be the case when the MA pool size is relatively small/limited.  Depending on NOMA transmission scheme, there are several ways that gNB can identify UE IDs via correlating MA signatures to the received signal vector.  If the designed MA signature pool size is relatively small/limited, then, applying all possible correlation to MA signatures (regardless of the availability in number of available orthogonal DM-RS set or the number of assigned UEs to a resource area) designed within the pool to identify the UE ID is implementation complexity and latency wise viable.  In short, a mapping rule between RS and MA signature may reduce some complexity and latency for small MA pool size, but it may not be necessary.  However, it is again important to note that pre-defined orthogonal DM-RS resource is pre-allocated for a candidate set of UEs to avoid DM-RS collision.  
The second case would be when MA signature pool size is just too large to check all possible MA signature correlations to the received signal vector.  For example, if the MA signature is strictly designed in a UE-specific way, mapping DM-RS at a particular time/frequency resource along with a specific set of MA signatures could reduce complexity and latency significantly.  This relationship between RS and UE-specific MA signature can be pre-configured (1:1 mapping with pre-configured time/frequency resource) in RRC level or it can be dynamically or implicitly indicated from DCI.  Again it is important to prevent MA signatures from collision who share the same DM-RS.  For explicit/implicit gNB signaling, preventing multiple UEs from transmitting the same DM-RS at the same time/frequency resource must be realized.  Since one MA signature from a pool is allowed for a particular DM-RS, gNB can limit the candidate MA signatures to a particular DM-RS, for detecting UE IDs.
Observation 3: With pre-allocated (or dynamically allocated) DM-RS resource, setting a mapping relation between RS and MA signatures can be useful for large MA signature pool size, whereas it is not effective for small/limited MA signature pool size.

3. Conclusion / Discussion
In this contribution, we discussed some of the effects related to DM-RS collision due to UE initiated random selection of RS and MA signature/resource grant-free mode transmission, and suggested a method to avoid/mitigate the collision.  Following is our proposal: 
Observation 1: A key to identify/detect UE activity is allocating orthogonal DM-RS resource for preventing collision. MA signature collision is likely to be handled/separated well by UE-specific data scrambling and generally uncorrelated uplink fading channel among UEs
Observation 2: A significant impact on overall BLER performance not only for the DRMS collided users but also other link level performance of non-collided DMRS UEs is observed. The lower the number of multiplexed UEs, the greater the negative impact to overall BLER performance can be expected.
Observation 3: With pre-allocated (or dynamically allocated) DM-RS resource, setting a mapping relation between RS and MA signatures can be useful for large MA signature pool size, whereas it is not effective for small/limited MA signature pool size.
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